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rd

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Alist of all the parts in the ISO 8178 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

Vi

© IS0 2020 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-

Introduction

1:2020(E)

This document is intended for use as a measurement procedure to determine the gaseous and
particulate emission levels of reciprocating internal combustion (RIC) engines for non-automotive use.
Its purpose is to provide an engine’s emissions characteristics which, through use of proper weighting
factors and test cycles, can be used as an indication of that engine’s emission levels under various

applications and for different fuels. The emission results are expressed in units of grams p
hour and represent the rate of emissions per unit of work accomplished.

er kilowatt-

Many of the procedures described in thls document are detalled accounts of laboratory methods, since

deteptr
tha obtalnlng a single measured value. Thus, the results obtained depend as much omthe
perfprming the measurements as they depend on the engine and test method.

Evalpating emissions from non-road engines is more complicated than the same task

engines due to the diversity of non-road applications. For example, on-road, application
condist of moving a load from one point to another on a paved roadway. The constraints d
roadways, maximum acceptable pavement loads and maximum allowable grades of fuel,

scople of on-road vehicle and engine sizes. Non-road engines and vehicles include a wider r§
inclyding the engines that power the equipment. Many of the enginés are large enough to
appljcation of test equipment and methods that were acceptable’for’on-road purposes. In ¢
the application of dynamometers is not possible, testing at site’or under appropriate condif
a vigble alternative.

ited instances, the engine can be tested on the test.bed in accordance with ISO 8178
conditions. This can only occur with the agreementof the parties involved. It should be
that|data obtained under these circumstances may not agree completely with previous or

ments, rather
b process of

for on-road
s primarily
f the paved
narrow the
inge of size,
reclude the
ases where
ions can be

2, to test in
recognized
future data

obtained under the auspices of this document.

For ¢ngines used in machinery covered by additional requirements (e.g. occupational health and safety
regylations, regulations for power plants), additional test conditions and special evaluatipn methods
maylapply.

Whdre it is not possible to use a test bed or where information is required on the actugl emissions
produced by an in-service engine, the site test procedures and calculation methods $pecified in
[SO $178-2 are appropriate.
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Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 1:
Test-bed measurement systems of gaseous and particulate

engissions

1
This

Scope

document specifies the measurement methods for gaseous and particulate'exhaust emi

reciprocating internal combustion (RIC) engines on a test bed, necessary for'determining o1

valu
engi

This
engi
used

e for each exhaust gas pollutant. Various combinations of engine lodad and speed reflg
he applications (see [SO 8178-4).

document is applicable to RIC engines for mobile, transportable and stationary us
hes for motor vehicles primarily designed for road use. This'document can be applied
, for example, for earth-moving machines, generating sets and for other applications.

ssions from
he weighted
ct different

e, excluding
to engines

2 Normative references

The [following documents are referred to in the;text in such a way that some or all of their content
congtitutes requirements of this document. For~dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
ISO $725-2, Accuracy (trueness and preciSion) of measurement methods and results — Part 2: Basic method
for the determination of repeatability(and reproducibility of a standard measurement method

ISO $178-4:2020, Reciprocatinginternal combustion engines — Exhaust emission measurement — Part 4:
Test|cycles for different engine applications

ASTM F1471-93, Standard Test Method for Air Cleaning Performance of a High-Efficiency Panticulate Air-
Filtef System

3 [erms anddefinitions

For the purposes of this document, the following terms and definitions apply.

ISO aridhIEC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

accuracy

absolute difference between the reference quantity, y,.r, and the arithmetic mean of the ten y;, y values

Note

1 to entry: See the example of an accuracy calculation in Annex D.

Note 2 to entry: It is recommended that the instrument accuracy be within the specifications in Table 5.

© IS0 2020 - All rights reserved
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3.2
aqueous condensation
precipitation of water-containing constituents from a gas phase to a liquid phase

Note 1 to entry: Aqueous condensation is a function of humidity, pressure, temperature, and concentrations of
other constituents such as sulphuric acid. These parameters vary as a function of engine intake-air humidity,
dilution-air humidity, engine air-to-fuel ratio, and fuel composition - including the amount of hydrogen and

sulphur in the fuel.

3.3

atmospheric pressure

wet, absoluteatmosphericstaticpressure

Note 1 to enfry: If the atmospheric pressure is measured in a duct, negligible pressure losses shall be enqured
between the[atmosphere and the measurement location, and changes in the duct's static pressure resulting from
the flow shall be accounted for.

3.4

calibration

process of |setting a measurement system's response so that its output agrees with a range of
reference signals

Note 1 to enffry: Contrast with verification (3.51).

3.5

calibratior] gas

purified gag mixture used to calibrate gas analysers

Note 1 to enftry: Calibration gases shall meet the specifications\of 9.2.1. Note that calibration gases and|span
gases (3.37)|are qualitatively the same, but differ in terms.of their primary function. Various performance
verification (|3.51) checks for gas analysers and sample hanédling components might refer to either calibration
gases or spah gases.

3.6

certificatigqn

process of dbtaining a certificate of conformity

3.7

conversion efficiency of non-methane cutter

conversion efficienty of NMC

E

efficiency of the conversion©f an NMC that is used for the removal of the non-methane hydrocarpons
(3.21) from|the sample gas'by oxidizing all hydrocarbons except methane

Note 1 to enfry: Ideally, the conversion for methane is 0 % (E¢y,4 = 0) and for the other hydrocarbons represgnted
by ethane is[100 % (E¢,56 = 100 %). For the accurate measurement of NMHC (3.21), the two efficiencies shall be
determined and4iséd for the calculation of the NMHC emission mass flow rate for methane and ethane. Conftrast
with penetrdtion,fraction (3.27).

3.8
delay time

difference in time between the change of the component to be measured at the reference point and a
system response of 10 % of the final reading (t;,) with the sampling probe (3.28) being defined as the
reference point

Note 1 to entry: For the gaseous components, this is the transport time of the measured component from the
sampling probe to the detector (see Figure 1).

© IS0 2020 - All rights reserved
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dew point
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measure of humidity stated as the equilibrium temperature at which water condenses under a given

pressure from moist air with a given absolute humidity

Note 1 to entry: Dew point is specified as a temperature in °C or K, and is valid only for the pressure
measured.

3.10
drift

at whichitis

difference between a zero or calibration (3.4) signal and the respective value reported by a measurement

: ) I | £ it . : : 4 4
Instyumrent HIHIIITICTUIALTTY dILCL IU WdS USTU I dII TIHTISSTUIT LEST

judgement made consistent with generally accepted scientific and engineering principles a
releyant information

3.14

HEPA filter

hightefficiency particulate air filter“\that is rated to achieve a minimum initial parti
efficiency of 99,97 % using ASTM F1471-93 or an equivalent standard

3.15
hydrocarbon
HC
hydfocarbon group on which the emission standards are based for each type of fuel and eng

EXAMPLE THC{347), NMHC (3.21) as applicable.

3.16
internationally recognized-traceable standard
intefnational standard which includes but is not limited to the list quoted in Table 1

I emission-

e considered

the diluted

nd available

cle-removal

rine

Internationally recognized Where copies of the documents may be purchased

standard
American Society for Testing American Society for Testing and Materials, 100 Barr Harbour Dr., P.0. Box C700,
and Materials (ASTM) West Conshohocken, PA 19428 or www.astm.com
International Organization for |International Organization for Standardization, Case Postale 56,
Standardization (ISO) CH-1211 Geneva 20, Switzerland or www.iso.org
National Institute of Standards |Government Printing Office, Washington, DC 20402 or download them free from
and Technology (NIST) the Internet at www.nist.gov
Society of Automotive Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA
Engineering (SAE) 15096 or www.sae.org
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Table 1 (continued)

Internationally recognized

standard Where copies of the documents may be purchased

Institute of Petroleum

7467 7100 or www.energyinst.org.uk

Energy Institute, 61 New Cavendish Street, London, W1G 7AR, UK, +44 (0)20

The National Metrology

AIST Tsukuba Headquarters, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan
Institute of Japan (NMI]J) or www.nmij.jp/english/info/

JIs)

Japanese Industrial Standards

Japan or www.jsa.org.jp/default english.asp

Japanese Standards Association (JSA), 4-1-12 Akasaka, Minato-ku, 107-8440,

3.17

isokinetic
process of ¢ontrolling the flow of the exhaust sample by maintaining the mean sample velocity a
probe (3.28)) equal to the exhaust stream mean velocity

3.18

linearity
degree to wihich measured values agree with respective reference values

Note 1 to entfry: Linearity is quantified using a linear regression of pairs of measuréd values and reference v
over a range|of values expected or observed during testing.

3.19

multiple-fijter method
process of ysing one filter for each of the individual test cycle (3:44) modes

Note 1 to enfry: The modal weighting factors are accounted for after sampling during the data evaluation {
of the test.

3.20

noise
two times
reference signal is a zero-quantity signal

Note 1 to er

3.21

non-methane hydrocarbons
NMHC
sum of all hpdrocarbon (3,15) species except methane

3.22

operator demand
engine operjatof'siinput to control engine output

N 1 ol 1 1 1 rad 1 rad ) 1 1
ote 1 to entry—TIre— operator Imay D€ a PersoIT (I.C., NTaITudl), OT a GUVETIIOT (I.€;, dUtOTTatIC) tITat TITECITalT

sampling

the root-mean-square of the ten standard deviations (that is, N = 2 x ypyg(,)) Wher]

t the

hlues

hase

the

try: See the example of a root:mean-square calculation in Annex D. It is recommended thalt the
instrument fjoise be within the specifications in Table 5.

Lally

or electronically signals an input that demands engine output. Input may be from an accelerator pedal or signal,
a throttle-control lever or signal, a fuel lever or signal, a speed lever or signal, or a governor setpoint or signal.
Output means engine power, P, which is the product of engine speed, n, and engine torque, T.

3.23

oxides of nitrogen

NO,

compounds containing only nitrogen and oxygen as measured by the procedures (3.29) specified in this

document

Note 1 to entry: Oxides of nitrogen are expressed quantitatively as if the NO is in the form of NO,, such that an
effective molar mass is used for all oxides of nitrogen equivalent to that of NO,

© IS0 2020 - All rights reserved
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3.24
partial pressure
pressure, p, attributable to a single gas in a gas mixture

Note 1 to entry: For an ideal gas, the partial pressure divided by the total pressure is equal to the constituent's
molar concentration, x.

3.25

partial flow dilution

method of analysing the exhaust gas whereby a part of the total exhaust gas flow is separated and then
mixed with an appropriate amount of dilution air prior to reaching the particulate sampling filter

3.2
particulate matter
PM
material collected on a specified filter medium after diluting exhaust with clean filtered air to a
temperature and a point as specified in 8.1.4, primarily carbon, condensed fydrocarbons|(3.15), and
sulphates with associated water

3.27
penetration fraction
PF
deviption from ideal functioning of a non-methane cutter

Note[1 to entry: See conversion efficiency of non-methane cutter (NMC), E (3.7).

Note|2 to entry: An ideal non-methane cutter would have a methane penetration factor, fpg cyy4, 0f 1,000 (that is,
a mefhane conversion efficiency E¢y, of 0), and the penetration fraction for all other hydrocarbons |3.15) would
be 0{000, as represented by fpp cone (that is, an ethane conversion efficiency E,yq of 1). The relationship is:

frrcfa=1-Ecys and fppcone = 1 - Ecane.

first{section of the transfer tube which transfers the sample to next component in the sampling system

all appects of engine testing;ineluding the equipment specifications, calibrations (3.4), calcylations and

test [cycle (3.44)“with a sequence of steady state engine test modes with defined speed|and torque

3.3
reggneration
evert—duri ihg restored

by desin

Note 1 to entry: Two types of regeneration can occur: continuous regeneration (see ISO 8178-4:2020, 5.5.1.2.1)
and infrequent (periodic) regeneration (see ISO 8178-4:2020, 5.5.1.2.2);

3.32
repeatability
two times the standard deviation of the ten errors, i.e. r = 20,

Note 1 to entry: See the example of a standard-deviation calculation in Annex D. It is recommended that the
instrument repeatability be within the specifications shown in Table 5.

© IS0 2020 - All rights reserved 5
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response time
difference in time between the change of the component to be measured at the reference point and a
system response of 90 % of the final reading (t9,) with the sampling probe (3.28) being defined as the
reference point, whereby the change of the measured component is at least 60 % full scale (FS) and the

devices for

gas switching shall be specified to perform the gas switching in less than 0,1 s

Note 1 to entry: The system response time consists of the delay time (3.8) to the system and of the rise time (3.34)
of the system.

3.34
rise time
difference i

3.35
single-filte
process of y

Note 1 to en
test cycle by
given to sam|

3.36

span, verb
adjust an in
between 75

3.37
span gas
purified gajg

Note 1 to ent
are qualitati
checks for gg

3.38
span respd

h time of the 10 % and 90 % response of the final reading (t9¢ - 1)

r method
sing one filter for all test cycle (3.44) modes

adjusting sample flow rate and/or sampling time. This method dictates that’particular attenti
pling duration and flow rates.

% and 100 % of the maximum value in the instrumentrange or expected range of use

mixture used to span (3.36) gas analysers

vely the same, but differ in terms of their_primary function. Various performance verification (
s analysers and sample handling comipehents might refer to either calibration gases or span ga

nse

mean respanse, including noise (3.20);-to a span gas (3.37) during a 30 s time interval

3.39
specific en
mass emiss

3.40
stand-alon
having no

3.41

issions
ons expressedin-g/kWh

pendencies

try: Modal weighting factors shall be accounted for during the particulate sampling phase 9

strument so that it gives a proper response to a calibration (3.4) standard that repreg

ry: Span gases shall meet the specifications.of 9.2.1. Note that calibration gases (3.5) and span §

f the
n be

ents

rases
3.51)
5es.

steady-state
relating to emission tests in which engine speed and load are held at a finite set of nominally
constant values

Note 1 to entry: Steady-state tests are either discrete-mode tests or ramped-modal tests (3.30).

3.42

stoichiometric
relating to the particular ratio of air and fuel such that if the fuel were fully oxidized, there would be no
remaining fuel or oxygen

3.43

storage medium

particulate

6

filter, sample bag, or any other storage device used for batch sampling
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3.44

test

cycle

duty cycle
sequence of test points each with a defined speed and torque to be followed by the engine under steady
state or transient operating conditions

1:2020(E)

Note 1 to entry: Duty cycles are specified in ISO 8178-4:2020, Annexes A to C. A single duty cycle may consist of
one or more test intervals (3.45).

h against the

ning 5 % of
frequencies

uring total

mass ratio of

point and a
fined as the

instruments

rely quickly

3.45

test interval

durc tiUll Uf tiuu: Uvcl VV}liL}l bl d}\C'bl)CLifiL Clllibbiullb dl T dCtCl lllillcd

Note|1 to entry: In cases where multiple test intervals occur over a duty cycle (3.44), the regulation can specify
additional calculations that weigh and combine results to arrive at composite values for compariso
applicable emission limits.

3.44

tolerance

interval in which 95 % of a set of recorded values of a certain quantity-lies, with the remai
the fecorded values deviating from the tolerance interval, using thé\specified recording
and fime intervals to determine if a quantity is within the applicablejtolerance

3.47

total hydrocarbon

THC

compined mass of organic compounds measured by,the specified procedure for meas
hydifocarbon

Note|1 to entry: Total hydrocarbon is expressed as a iydrocarbon (3.15) with a hydrogen-to-carbon
1,85|(Diesel), 1,93 (petrol (E10)), 2,525 (LPG), 4,0 {NG/biomethane) or 2,74 (ethanol (E85)).

3.48

transformation time

diffdrence in time between the changé of the component to be measured at the reference
system response of 50 % of the final reading (¢5,) with the sampling probe (3.28) being de
refeyence point

Note|1 to entry: The transformation time is used for the signal alignment of different measurement
(see Figure 1).

3.49

transient test cyclé

test cycle (3.44)with a sequence of normalized speed and torque values that vary relatiy
with time

Note|1toentry: See ISO 8178-4:2020, 7.6.

3.50

updating-recording
frequency at which the analyser provides new, current values

3.51

veri

fication

evaluation of whether or not a measurement system's outputs agree with a range of applied reference
signals to within one or more predetermined thresholds for acceptance

Note

1 to entry: Contrast with calibration (3.4).
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3.52

zero, verb

adjust an instrument, so it gives a zero response (3.54) to a zero calibration (3.4) standard, such as
purified nitrogen or purified air

3.53
Zero gas
gas that yields a zero response (3.54) in an analyser

Note 1 to entry: This may either be purified nitrogen, purified air, a combination of purified air and purified
nitrogen.

3.54
Zero respopse
mean respanse, including noise (3.20), to a zero gas (3.53) during a 30 s time interval
Y
1
|
I
|
I
I
I
I
I
I
I
I
|
I
I
I
I
I
|
]
I
4 t
\
Key
1 step inppt time 5 rise time (3.34)
2 responsq time (3.33) t time
3 transformation time\(3.48) Y response
4 delay time (3.8)
Figuré1 — Definitions of system response: delay time, response time, rise time and

transiormation tume

4 Symbols and abbreviated terms

4.1 General symbols

For the purposes of this document, the general symbols given in Table 2 apply.
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Table 2 — General symbols

Symbol Term Unit
ay y intercept of the regression line —
a; Slope of the regression line —
Cq CFV discharge coefficient [-] —

d Diameter m

E Conversion efficiency %

Eg Ethane efficiency %

F F-test statistics

fpr Penetration fraction o~ e

H, Highest expected water vapour concentration R q/\) 0

m Mass O\" ) kg

My Total mass of diluted exhaust ,\/\u kg

mg Particulate sample mass collected A(b ) ng

Mpy Mass of particulate emissions over the test cycle N \/ 4

Mg, Mass of diluted exhaust gas passing the dilution tunnel _ N kg

u Dynamic viscosity of exhaust gas A{( - Pa*s

n Engine speed O\) ) min~1

P Power ) \\> N kW

p Pressure O kPa

Pa Absolute pressure \\g\v kPa

Protdl Total atmospheric pressure ) r).@ kPa

Qox Particle number sample mass flow rateA\v kg/s

Qmadl Intake air mass flow rate on Wet‘b'a’SQ kg/s

Qmddw Diluted exhaust gas mass flo%@\gon wet basis kg/s

Ama Dilution air mass flow rate Met basis kg/s

Qe Exhaust gas mass flow@ﬁ ‘on wet basis kg/s

At Fuel mass flow rat?O\ kg/s

Amp Sample flow of ?x{lﬁ‘dst gas into partial flow dilution system kg/s

Qvesk Air flow rat‘e\c_)v m3/s

Qo Mass flo e fed back into dilution tunnel to compensate for particle number kg/s
sampl@@fction

ay Vc%u&e?\flow rate m3/s

R h@‘ﬁr gas constant J/ (mol K)

Re ﬁ&\’ﬁeynolds number T

r2 2 |Coefficient of determination +—

rq Dilution ratio —

I'm Methanol response factor of the FID —

ry Ratio of the SSV throat to inlet absolute, static pressure —

ry Ratio of the SSV throat diameter, d, to the inlet pipe inner diameter (d;,,) —

p Density kg/m3

SkE Standard error of estimate of y on x —

o Standard deviation

T Temperature °C

T Engine torque Nm

Tehiller Absolute chiller temperature K
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Table 2 (continued)

Symbol Term Unit

Tyew Absolute dew point temperature K

t Time S

to Time between step input and 0 % of final reading S

t10 Time between step input and 10 % of final reading s

tso Time between step input and 50 % of final reading s

t9o Time between step input and 90 % of final reading S

% Vfotumme T

v Kinematic viscosity m2/s

w Work kWh

X (oncentration pmol/mpl
or %

4.2 Symbols for fuel composition

&

NOTE

4.3 Symbols and-abbreviated terms for the chemical components

ACN
Cx
C,H,
C;Hg
CH,OH
CH,
Cco

co,

10

hydrogen content of fuel, % mass
carbon content of fuel, % mass
sulphur content of fuel, % mass
nitrogen content of fuel, % mass
oxygen content of fuel, % mass

molar hydrogen-to-carbon ratio (H/C)
molar carbon-to-carbon ratio (C/C)
molar sulphur-to-carbon ratio.(S/C)
molar nitrogen-to-carbonratio (N/C)

molar oxygen-to-carbon ratio (0/C)

Acetonitrile

The conversion between mass content and molar ratio is given in ISO 8178-4:2020, Formula D.3.

Cal ]L)Ull A cquivalcut }lydl uldl ]UUll
Ethane

Propane

Methanol

Methane

Carbon monoxide

Carbon dioxide
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DNPH Dinitrophenyl hydrazine
H Atomic hydrogen
H, Molecular hydrogen
H,0 Water

HCHO Formaldehyde

He Helium

N, Molecular nitrogen
N,0 Nitrous oxide

NH; Ammonia

NO Nitric oxide

NO, Nitrogen dioxide

0, Oxygen

S Sulphur

SO, Sulphur dioxide

4.4 | Abbreviated terms

ASTM American Society for Testing amd Materials
CFV Critical flow venturi

CI Compression-ignition

CLD Chemiluminescentdetector

CVS Constant volume sampling
deNQx NO, aftef-treatment system

DAF Dilution air filter

DC Damping chamber

DPT Differential pressure transducer
DT Dilution tunnel

EDL Electrode-less discharge lamp
EFC Electronic flow compensation
EGR Exhaust gas recirculation

EP Exhaust pipe

ET Evaporation tube

FC Flow controller

© IS0 2020 - All rights reserved
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FD
FH
FID
FL
FM
FS
FTIR
GC
HCLD
HE
HEPA
HFID
HSL
HPLC
IR
ISO
LPG
NDIR
NDUV
NDUV-RAS
NMC
oT
PCF
PDP
PF
PFD
PM
PMD
PN
PNC

PND

12

Flow divider

Filter holder

Flame ionization detector
Flow meter

Flow measurement device

Full scale

Fourier transform infrared (analyser)

Gas chromatograph

Heated chemiluminescent detector

Heat exchanger

High-efficiency particulate air

Heated flame ionization detector

Heated sampling line

High-performance liquid chromatograph
Infrared

International Organization for Standardization
Liquefied Petroleum Gas

Non-dispersive infrared (analyser)
Non-dispersive ultravioletfanalyser)
Non-dispersive ultravielet - resonant absorption spectroscopy
Non-methane cutter

Outlet tube

Particlé pre-classifier

Positive displacement pump

Penetration fraction
Partial flow dilution
Particulate matter
Paramagnetic detector
Particle number
Particle number counter

Particle number diluter
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PSP Particulate Sampling probes
PTFE Polytetrafluoroethylene (commonly known as Teflon®3?)

2 Teflon® is an example of a suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement

by ISO of this product.
PTS Particle transfer system
PTT Particle transfer tube
QCL Quantum cascade laser (analyser)
RIC Reciprocating internal combustion (engines)
RTD Resistive temperature detector
SAE Society of Automotive Engineers
SSv Subsonic venturi
TDL Tunable diode laser (analyser)
UFM Ultrasonic flow meter
uv Ultraviolet
\Y Valve
VPR Volatile particle remover

5 [eneral measurement principles

The |emission of gaseous and particulate components by the engine submitted for testing shall be
meapured by the methods deseribed in Clauses 6 to 8. These clauses describe the engine gnd ambient
related measurement systems-(Clause 6), the analytical systems for the gaseous emissiong (Clause 7)
and fthe particulate sampling systems (Clause 8). The system calibration procedures are described in
Claufe 9.

Test|cycles and emissions calculations are not part of this document. They are included in 1$0 8178-4.

Othgr systems, '0r analysers may be accepted if they yield equivalent results. The determination of
system equivalency shall be based on a seven-sample pair (or larger) correlation study Hetween the
system ufnder consideration and one of the accepted systems of this document. “Results” refers to

the $pecific cycle weighted emissions value. The correlation testing is to be performed at the same
labc AFAry tact nn]] r\nA of 1-111'\ Carnn anaginn 'T‘lnn tests chrn l.—l lnn nnnnnnnnnnnnnn Hy 'T‘hn test cycle to be

TTOT Y, tCotT Tt TC-STuTrc-CIrrs TITes o coTrrcuaroTT

used shall be the approprlate cycle as found in ISO 8178-4. The equivalency of the sample pair averages
shall be determined by F-test and t-test statistics (see Annex D), with outliers excluded, obtained under
the laboratory cell and the engine conditions described above. The systems to be used for correlation
testing shall be declared prior to the test and shall be agreed upon by the parties involved.

For introduction of a new system into this document, the determination of equivalency shall be based
upon the calculation of repeatability and reproducibility, as described in ISO 5725-2.

5.1 Principle of emission measurement

To measure the brake-specific emissions the engine shall be operated over the test cycles defined in
[SO 8178-4, as applicable. The measurement of brake-specific emissions requires the determination of
the mass of pollutants in the exhaust and the corresponding engine work.
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5.1.1 Mass of constituent

The total mass of each constituent shall be determined over the applicable test cycle by using the
following methods:

5.1.1.1 Continuous sampling

In continuous sampling, the constituent's concentration is measured continuously from raw or dilute
exhaust. This concentration is multiplied by the continuous (raw or diluted) exhaust flow rate at the
emission sampling location to determine the constituent's flow rate. The constituent's emission is
continuously summed over the test interval. This sum is the total mass of the emitted constituent.

5.1.1.2 Bptch sampling

In batch sampling, a sample of raw or dilute exhaust is continuously extracted and stored for
measurement. The extracted sample shall be proportional to the raw or dilute exhaust flow

ater
rate.

Examples of batch sampling are collecting diluted gaseous emissions in a bag and collesting PM on a fjlter.

In principa
are multipl

the method of emission calculation is done as follows: the batch sampled concentrations
ed by the total mass or mass flow (raw or dilute) from which it was‘extracted during the

test cycle. This product is the total mass or mass flow of the emitted constituént. To calculate th¢ PM
concentratipn, the PM deposited onto a filter from proportionally extractedexhaust shall be dividgd by

the amount]of filtered exhaust.

5.1.1.3 Combined sampling

Any combrirmation of continuous and batch sampling is perniitted (e.g. PM with batch sampling
issions with continuous sampling).

gaseous e

and

Figure 2 illustrates the two aspects of the test procedures for measuring emissions: the equipment
with the sampling lines in raw and diluted exhaust-gas and the operations requested to calculat¢ the
pollutant erpissions in steady-state and transient test cycles.

Raw gaseopis or PN samplinga

Partial flow PM or PN sampling

Full flow dilution gaseous, PM or PN sampling

Transient cydle
and steady-state

Steady-state
discrete-mode

Transient cycle
and steady-state

Steady-state
discrete-mode

Transient cycle, steady-state RMC
and steady-state discrete-mode cycle

RMC cycle RMC cycle
For whole tegt: For each mode: i |
AN cas Xfir{_mg Constant dilution Varying dilution ratio |
Continuous ghs ge 8 Hution ratio I
analysis analysis gas ratio I 1 .
concentration [ [ ) | Batch sampling |
[ [ ] Continuous
PM filter i |—|—|
+ contiuou PN per PN per o gas analysis | |
flow Average flow test mode nfode P9 || Secondary
measurement | | | | dIIUt_lon
Single Calculation of (Option)
Calculation of Calculation of PM fﬁter Calculation of average gaseous Gaseous
instantaneous average rate er test emission for or PN emissions
rate of emission of emission P each mode concentration PM filter
) e . PM on filter
Integration of s s Multiplication
. Multiplying modal i Multiplying modal . ivi
Instantaneous emiIs)s}i]oni with Caleu la.tlor; of emilz s)ilong; with | [ofaverage concentration (from divided b3;
emissions weighting factors em}11sslloi1 ?‘ weighting factors continuous or batch sampling) arfr}IO untdo
& J whole tes ghting with average flow ! ;ere ¢
exhaus

a A proportional or constant diluter should be applied for PN measurement (see Figure 14).

14
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The term "Partial flow PM sampling" includes the partial flow dilution to extract only
constant or varying dilution ratio.

Figure 2 — Test procedures for emission mass measurement

Exhaust sampling and dilution

5.2.1 General sampling requirements

1:2020(E)

raw exhaust

5.2.]

A pr
extr
tran|

Sam
any

loca
othe
and

occu
proH
sped

5.2.]

Trar
dilut
as cl
the 1

5.2.

For

a)

b)

)

Gase

|.1 Probe design and construction

pbe is the first fitting in a sampling system. It protrudes into a raw or diluted@xhaug
hct a sample, such that its inside and outside surfaces are in contact with the’exhaust.
sported out of a probe into a transfer tube.

ple probes shall be made with inside surfaces of stainless steel or, for faw exhaust san
hon-reactive material capable of withstanding raw exhaust temperatures. Sample pro
ed where constituents are mixed to their mean sample concentratioh and where interf
r probes is minimised. All probes should remain free from infliences of boundary lay
eddies - especially near the outlet of a raw-exhaust tailpipe where unintended dil
r. Purging or back-flushing of a probe shall not influencé.another probe during testi

ifications for each constituent.

[.2 Transfer tubes

sfer tubes that transport an extracted samiple from a probe to an analyser, storage
ion system shall be minimized in length-bylocating analysers, storage media, and dilut
ose to the probes as practical. The number of bends in transfer tubes shall be minimiZ
adius of any unavoidable bend shall’be maximized.

.3 Sampling methods
ontinuous and batch sampling, introduced in 5.1.1, the following conditions apply:

when extracting from'a constant flow rate, the sample shall also be carried out af]
flow rate;

for batch sampling, when extracting from a varying flow rate, the sample flow rate shd
n proportion to the varying flow rate;

propectional sampling shall be validated as described in ISO 8178-4:2020, 8.2.1.

ous constituents may be measured raw or diluted whereas PM and PN measureme

t stream to
A sample is

pling, with
bes shall be
erence with
rers, wakes,
ition might
hg. A single

e to extract a sample of more than one constituent may be used as long as the probe njeets all the

medium, or
on systems
ed and that

a constant

11 be varied

nts require

dilution.

5.2.2 Gas sampling

5.2.2.1 Sampling probes

Either single-port or multi-port probes are used for sampling gaseous emissions. The probes may
be oriented in any direction relative to the raw or diluted exhaust flow. For some probes, the sample
temperatures shall be controlled, as follows:

a) for probes that extract NO, from diluted exhaust, the probe's wall temperature shall be controlled
to prevent aqueous condensation;

© IS0 2020 - All rights reserved
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b)

for probes that extract hydrocarbons from the diluted exhaust, the probe wall temperature should
be controlled to approximately 191 °C to minimise contamination.

5.2.2.2 Transfer tubes

Transfer tubes with inside surfaces of stainless steel, PTFE, Viton®1), or any other material that has
better properties for emission sampling shall be used. A non-reactive material capable of withstanding
exhaust temperatures shall be used. In-line filters may be used if the filter and its housing meet the
same temperature requirements as the transfer tubes, as follows:

a)

b)

for NO,, transfer tubes upstream of either an NO,-to-NO converter that meets the specifications of
9.4 or alchiller that meets the specifications of 9.5.9.3 a sample temperature that prevents agugous
condenpation shall be maintained;

for TH( transfer tubes a wall temperature tolerance throughout the entire line of (191 + 11) °C
shall b¢ maintained. If sampled from raw exhaust, an unheated, insulated transfer tube maly be
connected directly to a probe. The length and insulation of the transfer tube shall be designgd to
cool the¢ highest expected raw exhaust temperature to no lower than 191 °C{{as measured at the
transfef tube outlet. For dilute sampling a transition zone between the probe and transfer tube of
up to 092 m in length is allowed to transition the wall temperature to (19L* 11) °C.

5.2.2.3 S:

5.2.2.3.1

The instru
the followi
Formula (43

imple-conditioning components

Sample dryers

ment that is used for removing moisture shallbmeet the minimum requirement
ng paragraph. The moisture content of 0,8 volume % H,0 is used in ISO 8178-4:2

).

For the higlest expected water vapour concentratien H,,, the water removal technique shall mair

CLD humid
at 3,9 °C an
at 25 °C an

ty at <5 g water/kg dry air (or about,0,8 volume % H,0), which is 100 % relative hum
1 101,3 kPa. This humidity specification is also equivalent to about 25 % relative hum
d 101,3 kPa. This may be demdnstrated by measuring the temperature at the outlet

thermal delhumidifier, or by measuring humidity at a point just upstream of the CLD.

Either type
emission m

a)

If an of

of sample dryer described in this subclause to decrease the effects of water on gas
basurements may be used.

motic-membrane dryer upstream of any gaseous analyser or storage medium is usg

shall
Protals

et the temperafure specifications in 5.2.2.2. The dew point, Ty, and absolute pres
wnstream Ofan osmotic-membrane dryer shall be monitored. The amount of water

be calctyilated as specified in ISO 8178-4:2020, H.3.2 by using continuously recorded values of
and p,}, or their'peak values observed during a test or their alarm set points. Lacking a d
measulemenp,-the nominal p,.,; is given by the dryer's lowest absolute pressure expected dy

testing

s in
020,

tain
dity
dity
of a

eous

d, it
bure,
shall
Tdew
rect
ring

b)

A thermal chiller upstream of a THC measurement system for compression-ignition engines may
not be used. If a thermal chiller upstream of an NO,-to-NO converter or in a sampling system
without an NO,-to-NO converter is used, the chiller shall meet the NO, loss-performance check
specified in 9.5.9.3. The dew point, Tj,,, and absolute pressure, p,,.,, downstream of a thermal
chiller shall be monitored. The amount of water shall be calculated as specified in ISO 8178-4:2020,
Annex H.3.2 by using continuously recorded values of Ty,,, and p,,,; or their peak values observed
during a test or their alarm set points. Lacking a direct measurement, the nominal p,,, is given
by the thermal chiller’s lowest absolute pressure expected during testing. If it is valid to assume
the degree of saturation in the thermal chiller, Ty, based on the known chiller efficiency and
continuous monitoring of chiller temperature, T} ;.- may be calculated. If values of T ;.. are not

1) Viton® is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

16
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continuously recorded, its peak value observed during a test, or its alarm setpoint, may be used
as a constant value to determine a constant amount of water according to ISO 8178-4:2020, H.3.2.
If it is valid to assume that T}, is equal to Ty.,» Tepiner may be used in lieu of Ty, according to
ISO 8178-4:2020, Annex H. If it is valid to assume a constant temperature offset between T o,
and Ty, due to a known and fixed amount of sample reheat between the chiller outlet and the
temperature measurement location, this assumed temperature offset value may be factored in into
emission calculations. The validity of any assumptions allowed by this subclause shall be shown by
engineering analysis or by data.

5.2.2.3.2 Sample pumps

Sample pumps upstream of an analyser or storage medium for any gas shall be used. Sammple pumps
with inside surfaces of stainless steel, PTFE, or any other material having better properties flor emission
sampling shall be used. For some sample pumps, temperatures shall be controlled, as follows:

a) |fa NO, sample pump upstream of either an NO,-to-NO converter that meets the specification of
D.4 or a chiller that meets the specification of 9.5.9.3 is used, it shall be heated to prev¢nt aqueous
rondensation;

b) |f a THC sample pump upstream of a THC analyser or storage medium is used, its inner surfaces
chall be heated to a tolerance of (191 + 11) °C.

5.2.2.3.3 Ammonia scrubbers

Ammonia scrubbers may be used for any or all gaseous¢sampling system to prevent NH; interference,
poispning of NO,-to-NO converter, and deposits in the sampling system or analysers.|Follow the
amnjonia scrubber manufacturer recommendations.or use good engineering in applying ammonia
scrupbers.

5.2.2.3.4 Sample storage media

In tHe case of bag sampling, gas volumes shall be stored in sufficiently clean containers that minimally
off-gdas or allow permeation of gases{Good engineering judgment shall be used to determing acceptable
thregholds of storage media cleanliness and permeation. To clean a container, it may be| repeatedly
purged and evacuated and may be heated. A flexible container (such as a bag) within a tgmperature-
contirolled environment, or @ temperature controlled rigid container that is initially evacyated or has
a volume that can be displaced, such as a piston and cylinder arrangement, shall be used{ Containers
meefing the specificationsin Table 3 shall be used.

Table 3 — Gaseous batch sampling container materials

Co, £0,, 0,, polyvinyl fluoride (PVF)P, polyvinylidene fluorideP,
CH,JC,HgC3Hg, polytetrafluoroethylene¢, or
NO, N@,? stainless steel¢
THCNMHE polytetrafiuoroethytenéor
stainless steeld

a2  Aslongas aqueous condensation in storage container is prevented.
b Upto40-°C.

Up to 202 °C.

d At (191 +11) °C.

o

5.2.3 Raw sampling for gaseous emissions

The gaseous emissions sampling probes shall be fitted at least 0,5 m or three times the diameter of the
exhaust pipe - whichever is the larger - upstream of the exit of the exhaust gas system but sufficiently
close to the engine so as to ensure an exhaust gas temperature of at least 70 °C at the probe.
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In the case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe shall be
located sufficiently far downstream so as to ensure that the sample is representative of the average
exhaust emissions from all cylinders.

In multi-cylinder engines having distinct groups of manifolds, such as in a “V” engine configuration,
instead of taking a sample for the combined flow it is permissible to acquire a sample from each group
individually and combine flows and concentrations. Methods may be chosen based on good engineering
practice and shall comply with either one of the following requirements:

a) Simultaneous determination of both concentration and exhaust mass flow within each group. The
determmatlon may be performed for all groups 51mu1taneously or the test may be repeated for
each g1 ' [
and exhaust mass flow The overall result shall be determlned by mathematical comblnatlon 0
emissidns from each group.

b) Methods that do not comply with the requirements of section a). In this case“it shall be
demongtrated to the satisfaction of the parties concerned that the resulting error in the engine
emissidn calculation will not exceed 2 %.

If the comppsition of the exhaust gas is influenced by any exhaust aftertreatment system, the exhaust
sample shall be taken downstream of this device.

For engineq with water injection into exhaust system for the purposé«f cooling, or noise reducion,
the inlet of the probe shall be located so as to avoid ingestion of water;for example a hatted probemay
be used.

For spark-ignition engines, sampling may be done in the high-pressure side of the muffler, but ap far
from the exhaust port as possible. A mixing chamber maybe*optionally inserted between the mulffler
outlet and the sample probe. The internal volume of the mixing chamber shall be not less than 10 tjmes
the cylinder displacement of the engine under test and:should have roughly equal dimensions in hejight,
width and depth. The mixing chamber size should be kept as small as practicable and should be coupled
as close as possible to the engine. The exhaust line-leaving the mixing chamber should extend at least
610 mm befyond the sample probe location and'be of sufficient size to minimize back pressure.| The
of the inner surface of the mixing'chamber shall be maintained above the dew point off the
exhaust gades and a minimum temperature, of 65 °C is recommended.

5.2.4 Dilite sampling for gaseotis €missions

When a fulliflow dilution systemiis used for the determination of the particulates, the gaseous emisgions
may also beldetermined in the diluted exhaust gas. The sampling probes shall be close to the partictilate
sampling pfjobe (PSP) in the)dilution tunnel (DT) (see 8.3.3).

For comprefsion-ignition engines, HC and NO, shall be measured by direct sampling from the dilytion
tunnel. Altgrnatively,”if the relative temperatures (5.2.2) are met, sampling in a bag and subsequent
measurement of the concentration may be used. CO and CO, may optionally be determined by djrect
measurement-or by sampling into a bag and subsequent measurement of the concentration i the
sampling bag:

For spark-ignition engines and gas-fuelled engines, all components may optionally be measured directly
in the dilution tunnel, or by sampling into a bag and subsequent measurement of the concentration in
the sampling bag.

5.2.5 Dilution system

Dilution may be accomplished by a full flow or partial flow dilution system. When dilution is applied the
exhaust may be diluted with ambient air, purified air, or nitrogen. For gaseous emissions measurement
the temperature of the diluent shall be at least 15 °C. For PM sampling the temperature of the diluent
is specified in 5.2.5.3 for CVS and 5.2.5.1 for PFD with varying dilution ratio. The flow capacity of the
dilution system shall be large enough to completely eliminate water condensation in the dilution and
sampling systems. De-humidifying the dilution air before entering the dilution system is permitted, if
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the air humidity is high. The dilution tunnel walls may be heated or insulated as well as the bulk stream
tubing downstream of the tunnel to prevent aqueous condensation.

Before a diluent is mixed with exhaust, it may be preconditioned by increasing or decreasing its
temperature or humidity. Constituents may be removed from the diluent to reduce their background
concentrations. The following provisions apply to removing constituents or accounting for background

concentrations:

a)

constituent concentrations in the diluent may be measured and compensated for background
effects on test results. See [SO 8178-4:2020, Clause 9 and H.6.1 for calculations that compensate for

background concentrations;

b) o account for background PM the following options are available:
1) for removing background PM, the diluent shall be filtered with high-efficiency pafticulate air
(HEPA) filters that have an initial minimum collection efficiency specification of 99,97 % using
ASTM F1471-93 or an equivalent standard;
D) for correcting for background PM without HEPA filtration, thetbackground PM shall not
contribute more than 50 % of the net PM collected on the sample filter;
B) background correction of net PM with HEPA filtration is permitted without restriction;
c) the following changes to the requirements of 5.2, Clause Zand Clause 8 are permitted [for taking a
background sample of dilution air and measuring gaseous or particulate pollutants thefein:
1) itshall not be required to use proportional sampling;
D) unheated sampling systems may be used;
B) continuous sampling may be used irrespective of the use of batch sampling |for diluted
emissions;
1) batch sampling may be used drrespective of the use of continuous sampling |for diluted
emissions.
5.2.5.1 Partial-flow dilutionsystem
The |temperature of the diluents (ambient air, purified air, or nitrogen as quoted in 5.2[5) shall be
maintained between 20-°C-to 52 °C in close proximity to the entrance into the dilution tunngl.
The |partial flow diltition system has to be designed to extract a proportional raw exhaust sample
from the enginedexhaust stream, thus responding to excursions in the exhaust stream flgw rate, and
intr¢duce dilution air to this sample to achieve a temperature at the test filter as prescribed by 8.1.4.
For this it is.essential that the dilution ratio be determined such that the accuracy requjrements of
9.8.6.1 aresfulfilled.
To enSure that a flow is measured that corresponds to a measured concentration, either aqueous

condensation shall be prevented between the sample probe location and the flow meter inlet in the
dilution tunnel or aqueous condensation shall be allowed to occur and humidity at the flow meter inlet
measured. The PFD system may be heated or insulated to prevent aqueous condensation. Aqueous
condensation shall be prevented throughout the dilution tunnel.

The minimum dilution ratio shall be within the range of 5:1 to 7:1 based on the maximum engine
exhaust mass flow rate during the test cycle or test interval.

The residence time in the system shall be between 0,5 s and 5 s, as measured from the point of diluent
introduction to the filter holder(s).

The partial-flow system shall be designed to extract a raw exhaust sample from the engine exhaust
stream, introduce dilution air into this sample and subsequently measure the particulates in the diluted
sample. From that it is essential that the dilution ratio be determined very accurately.
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Splitting of the exhaust stream and the following dilution process may be done by different dilution
system types. For subsequent collection of the particulates, the entire dilute exhaust gas or only a

portion of the dilute exhaust gas is passed to the particulate sampling system (see Figures E.1 to

E.8).

The first method is referred to as total-sampling type, the second method as fractional-sampling type.

The calculation of the dilution ratio depends upon the type of system used. Examples of partial-
dilution system layouts are shown in Annex E.

5.2.5.2 Applicability

flow

PFD may be used to extract a proportional raw exhaust sample for any batch or continuous PM and
gaseous emissi i i i - any
ramped-modal steady state duty cycle.

The syste D, an
already prdportional flow is diluted (see Figure 8). This is the way of performing secondary dilytion
from a CVS funnel to achieve the necessary overall dilution ratio for PM sampling.

The particulate sampling probe shall be fitted close to and upstream of the gaseouSprobe as defin¢d in
5.2.2.1. See|Annex E.

5.2.5.3 Full-flow dilution system

Full-flow diflution; constant-volume sampling (CVS). The full flow of raw exhaust is diluted in a dilytion
tunnel. Conjstant flow may be maintained by maintaining the temperature and pressure at the [flow
meter withiin the limits. For non-constant flow the flow shallybe measured directly to allow for

proportional sampling. The system shall be designed as follows,(see example in Figure 9):

a)

b)

f)

20

A tunnel with inside surfaces of stainless steel shall'be used. The entire dilution tunnel shafll be
electridally grounded; thin walled and insulatedZif needed to reduce temperature differgnce
between walls and exhaust gas.

The exhaust system backpressure shall not'be artificially lowered by the dilution air inlet system.
The stdtic pressure at the location where raw exhaust is introduced into the tunnel shall be
maintajned within 1,2 kPa of atmospheric pressure.

To support mixing the raw exhaust'shall be introduced into the tunnel by directing it downstijeam
along the centreline of the tuingel. A fraction of dilution air maybe introduced radially from the
tunnel's inner surface to midimize exhaust interaction with the tunnel walls.

Diluent] For PM sampling,the temperature of the diluents (ambient air, purified air, or nitroggn as
quoted|in 5.2.5) shall‘beé maintained between 20 °C to 52 °C in close proximity to the entrance|into
the dilytion tunnel.

The Reynoldssnumber, Re, shall be at least 4 000 for the diluted exhaust stream, where Re is bpsed
on the insidediameter of the dilution tunnel. Re is defined in 9.8.4.2 and in ISO 8178-4:2020, H.8.4.
Verificgtion 'of adequate mixing shall be performed while traversing a sampling probe acros$ the
tunnel'sdramreter, verticatty amd—torizontatty—Htheamatyser resporseimdicatesany deviation
exceeding *2 % of the mean measured concentration, the CVS shall be operated at a higher flow
rate or a mixing plate or orifice shall be installed to improve mixing.

Flow measurement preconditioning. The diluted exhaust may be conditioned before measuring its
flow rate, as long as this conditioning takes place downstream of heated HC or PM sample probes,
as follows:

1) flow straighteners, pulsation dampeners, or both of these may be used;

2) afilter may be used;
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3) aheatexchanger may be used to control the temperature upstream of any flow meter but steps
shall be taken to prevent aqueous condensation.

g) Aqueous condensation. To ensure that a flow is measured that corresponds to a measured
concentration, either aqueous condensation shall be prevented between the sample probe location
and the flow meter inlet in the dilution tunnel or aqueous condensation shall be allowed to occur
and humidity at the flow meter inlet measured. The dilution tunnel walls or bulk stream tubing
downstream of the tunnel may be heated or insulated to prevent aqueous condensation. Aqueous
condensation shall be prevented throughout the dilution tunnel. Certain exhaust components can
be reduced or eliminated by the presence of moisture.

or PMSamphing, the aiready proportional ffow coming from CVSgoes through secondpry dilution
[one or more) to achieve the requested overall dilution ratio as shown in Figure 11.

h) ['he minimum overall dilution ratio shall be within the range of 5:1 to 7:1 and-at’least 2:1 for the
primary dilution stage based on the maximum engine exhaust flow rate durihg the test cycle or
fest interval.

i) [The overall residence time in the system shall be between 0,5 s and 5-s, as measured frgm the point
bf diluent introduction to the filter holder(s).

j)  [The residence time in the secondary dilution system, if present;shall be at least 0,5 s, ajs measured
from the point of secondary diluent introduction to the filtefholder(s).

5.2.¢ Dilute sampling for particulate emissions

To determine the mass of the particulates, a particulaté sampling system, particulate sampling filters,
a mifrogram balance, and a temperature- and humidity-controlled weighing chamber are r¢quired. For
partjculate sampling, the following two methods.may be applied.

The [multiple-filter method dictates that one-filter is used for each of the individual mode$ of the test
cyclg. This method allows more lenient sample procedures but uses more filters.

The pingle-filter method uses one filter;for all modes of the test cycle. Attention shall be paid fto sampling
timgs and flows during the sampling phase of the test; however, only one filter will be reqyired for the
test cycle.

5.3 | Measurement instruments
5.3.1 General

5.3.1.1 Overview

This| subclause specifies measurement instruments and associated system requirement$ related to
emigsionstesting. This includes laboratory instruments for measuring engine parameters, ambient
conditians flow-related parameters and emission concentrations [r;mr ar di]n‘rpd)

5.3.1.2 Instrument types

Any instrument mentioned in ISO 8178 (all parts) shall be used as described in the standard itself
(see Table 7 for measurement quantities provided by these instruments). Whenever an instrument
mentioned in this document is used in a way that is not specified, or another instrument is used in its
place, the requirements for equivalency provisions shall apply as specified in Clause 5. Where more than
one instrument for a particular measurement is specified, one of them will be identified by the type
approval or certification authority upon application as the reference for showing that an alternative
procedure is equivalent to the specified procedure.
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5.3.1.3 Redundant systems

Data from multiple instruments to calculate test results for a single test may be used for all measurement
instruments described in this subclause, with prior approval of the type approval or certification
authority. Results from all measurements shall be recorded and the raw data shall be retained. This
requirement applies whether or not the measurements are actually used in the calculations.

5.3.2 Datarecording and control

The test system shall be able to update data, record data and control systems related to operator
demand, the dynamometer, sampling equipment, and measurement instruments. Data acquisition and
control systlems shall be used that can record at the specified minimum frequencies, as shown in Faple 4
(this table does not apply to discrete-mode testing).

Table 4 — Data recording and control minimum frequencies

Applicable test pro- Minimum command and| Minimum recording
tocol syibclause in Measured values b
150 8108-4:2020 control frequency? frequency® ¢

7.4 Speed and torque during |1 Hz I"mean value per step
an engine step-map

7.4 Speed and torque during |5 Hz 1 Hz means
an engine sweep-map

8.6.3 Transient duty cycle refer- |5 Hz 1 Hz means

ence and feedback speeds
and torques

8.6.2 Steady-state and 1 Hz 1 Hz
ramped-modal duty cycle
reference and feedback
speeds and torques

8.4 Continuous concentra- N/A 1Hz

8.7 tions of raw analysers

8.4 Continuous concentra- N/A 1Hz

8.7 tions of dilute-analysers

8.4 Batch concentrations of N/A 1 mean value per test
8.7 raw or-dildte analysers interval

7.4 Dilated exhaust flow rate |N/A 1 Hz

8.2.1 frem a CVS with a heat

exchanger upstream of the
flow measurement

7.4 Diluted exhaust flow rate |5 Hz 1 Hz means
8.2.1 from a CVS without a heat
exchanger upstream of the
flow measurement

7.4 Intake-aird, fueld, and raw |[N/A 1 Hz means
8.2.1 exhaust flow rate

a  CFVsthatare not using active control are exempt from meeting this requirement due to their operating principle.

b 1 Hz means are data reported from the instrument at a higher frequency, but recorded as a series of 1 s mean values at
arate of 1 Hz.

¢ For CFVs in a CVS, the minimum recording frequency is 1 Hz. For CFVs used to control sampling from a CFV CVS, the
minimum recording frequency is not applicable.

d  Ifused for instantaneous raw exhaust flow determination.

¢ Thisis not applicable to CVS dilution air.
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Table 4 (continued)
Applicable test pro- Minimum command and| Minimum recording
tocol subclause in Measured values b
1SO 8178-4:2020 control frequency? frequency? ¢
7.4 Dilution air flow if actively |5 Hz 1 Hz means
8.2.1 controlled (for example, a
partial flow PM sampling
system)®
7.4 Sample flow from a CVS 1 Hz 1 Hz
8.2.1 with a heat exchanger
7.4 Sample flow from a CVS 5 Hz 1 Hz mean
8.2.1 without a heat exchanger

a

b

CFVs that are not using active control are exempt from meeting this requirement due to their opérating p

| Hz means are data reported from the instrument at a higher frequency, but recorded as a,series of 1 s nj

rinciple.

ean values at

arate of 1 Hz.

¢ For CFVsin a CVS, the minimum recording frequency is 1 Hz. For CFVs used to contiolsampling from a|CFV CVS, the
minimum recording frequency is not applicable.

d fused for instantaneous raw exhaust flow determination.

¢ Thisis not applicable to CVS dilution air.

5.3.3 Performance specifications for measurement insttuments

5.3.3.1 Overview

The falibration of all measuring instruments shall be“traceable to national (international) standards.
The|test system as a whole shall meet all“the applicable calibrations, verificationg, and test-
validation criteria specified in Clause 9, including the requirements of the linearity check jof 9.1.4 and
[SO B178-4:2020, 8.2. Instruments shallimeet the specifications in Table 5 for all ranges| to be used
for testing. Furthermore, any documentation received from instrument manufacturers showing that
instfuments meet the specifications'in’ Table 5 shall be kept.

5.3.]

Tabll
and
chen
anal

gase
shal

5.2 Component requirements

b 5 shows the specifications of transducers of torque, speed, and pressure, sensors of t
dew point, and oth€r instruments. The overall system for measuring the given phys
hical quantity shdll meet the linearity verification in 9.1.4. For gaseous emissions med
ysers may be wsed, that have compensation algorithms that are functions of othe
ous compofnents, and of the fuel properties for the specific engine test. Any compensatio
only proyide offset compensation without affecting any gain (that is, no bias).

emperature
ical and/or
lsurements,
" measured
in algorithm
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Table 5 — Recommended performance specifications for measurement instruments

Complete
Measured S_yst(?m Recording
Measurement . Rise time b e - b
quantity update Accuracy Repeatability Noise
Instrument svmbol (t10-90) and frequenc
y Fall time q y
(t90-10)°

Engine speed n 1s 1 Hz means |2,0 % of pt. or 1,0 % of pt. or 0,05 %
transducer 0,5 % of max. 0,25 % of max. of max
Engine torque T 1s 1 Hz means |2,0 % of pt. or 1,0 % of pt. or 0,05 %
transducer 1,0 % of max. 0,5 % of max of max
Electrical wprk w 1s 1 Hz means |2,0 % of pt. or 1,0 % of pt. or 0,05 [%
(active-powpr meter) 0,5 % of max. 0,25 % of max of max
General pregsure p 5s 1 Hz 2,0 % of pt. or 1,0 % of pt. or, 0,1 % of
transducer (not 1,0 % of max. 0,50 % of/max. max
a part of anqther
instrument)
Atmospherif pres-  |p, 50s 5times per |50 Pa 25.Pd 5Pa
sure meter fised for hour
PM-stabilizgtion and
balance
environments
General purpose at- |p, 50s 5 times per |250 Pa 100 Pa 50 Pa
mospheric gressure hour
meter
Temperaturg sensor |T 50s 0,1 Hz 0,25 K 0,1K 0,1K
for PM-stabllization
and balance
environments
Other tempgrature |T 10s 0,5 Hz 0,4 % of pt. Kor |0,2% of pt. Kor |0,1% of
sensor (not  part of 0,2 % of max. K 0,1 % of max. K |max
another insfrument)
Dew point sgnsor for | Ty, 50s 0,1 Hz 0,25 K 0,1K 0,02 K
PM-stabilizgtion and
balance
environmernts
Other dew goint Tyew 50s 0,1 Hz 1K 0,5K 0,1K
sensor
Fuel flow meterc 5s 1 Hz 2,0 % of pt. or 1,0 % of pt. or 0,5 % of
(Fuel totaliger) (N/A) (N/A) 1,5 % of max. 0,75 % of max. max
Total dilutedl ex- 1s 1 Hz means |2,0 % of pt. or 1,0 % of pt. or 1,0 % of
haust meter{ (CVS)¢ (59) (1 Hz) 1,5 % of max. 0,75 % of max. max
(With heat gxehang-
er before meter)
Dilution air, inlet air, 1s 1 Hz means |2,5 % of pt. or 1,25 % of pt. or 1,0 % of
exhaust, and sample of 5 Hz sam- |1,5 % of max. 0,75 % of max. max.
flow meters¢ ples
Continuous gas X 5s 1Hz 2,0 % of pt. or 1,0 % of pt. or 1,0 % of
analyser 2,0 % of meas. 1,0 % of meas max.
a  The performance specifications identified in the table apply separately for rise time and fall time.
b Accuracy, repeatability, and noise are all determined with the same collected data as described in 5.3, and based on
absolute values. “pt.” refers to the overall flow-weighted mean value expected at the standard; “max.” refers to the peak
value expected at the standard over any test interval, not the maximum of the instrument’s range; “meas” refers to the
actual flow-weighted mean measured over any test interval.
¢ The procedure for accuracy, repeatability and noise measurement described in Clause 3 may be modified for flow
meters to allow noise to be measured at the lowest calibrated value instead of zero flow rate.

24 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-1:2020(E)

Table 5 (continued)
Complete
Measured S_yst(?m Recording
Measurement . Rise time b el b .y
quantity update Accuracy Repeatability Noise
Instrument svmbol (t10-90) and frequenc
y Fall time q y
(t90-10)*
Batch gas analyser |x — — 2,0 % of pt. or 1,0 % of pt. or 1,0 % of
2,0 % of meas. 1,0 % of meas max.
Gravimetric PM mg — — See 8.1.5.2 0,5 ug —
balaffice

a2 The performance specifications identified in the table apply separately for rise time and fall time.

b \ccuracy, repeatability, and noise are all determined with the same collected data as described in5.3, pnd based on
absofute values. “pt.” refers to the overall flow-weighted mean value expected at the standard; “max.” refeifs to the peak
valug expected at the standard over any test interval, not the maximum of the instrument’s tange; “meas”|refers to the
actupl flow-weighted mean measured over any test interval.

¢ The procedure for accuracy, repeatability and noise measurement described in Clalise 3 may be modjfied for flow
metdrs to allow noise to be measured at the lowest calibrated value instead of zero flow rate.

6 Engine and ambient related measurement equipment

6.1 | Dynamometer specification

An ¢ngine dynamometer shall be used that has adeguate characteristics to perform th¢ applicable
test [cycle described in ISO 8178-4:2020 including the ability to meet the appropriate cyclg validation
critdria, if applicable.

The following are examples of dynamometers that may be used:
a) pddy-current or water-brake dynamometer;
b) hlternating-current or direct-cukrént motoring dynamometer;

c) pne or more dynamometers:

6.2 | Speed and torque sensors

Meapurement instrdments for work inputs and outputs during engine operation sha]l meet the
spedifications inthis subclause. Sensors, transducers, and meters should meet the specifications in
Tablp 5. Overall-systems for measuring work inputs and outputs shall meet the linearity erifications
in 9.JL.4.

6.2.1 . Shaft work

Work and power shall be calculated from outputs of speed and torque transducers according to 6.2.
Overall systems for measuring speed and torque shall meet the calibration and verifications in 9.9
and 9.1.4.

Torque induced by the inertia of accelerating and decelerating components connected to the flywheel,
such as the drive shaft and dynamometer rotor, shall be compensated for as needed, based on good
engineering judgment.

6.2.2 Speed sensors

A magnetic or optical shaft-position detector with a resolution of at least 60 counts per revolution, in
combination with a frequency counter that rejects common-mode noise should be used. Other sensors
with an equivalent resolution may be used.
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6.2.3 Torque sensors

Avariety of methods to determine engine torque may be used. As needed, and based on good engineering
judgment, torque induced by the inertia of accelerating and decelerating components connected to the
flywheel, such as the drive shaft and dynamometer rotor, shall be compensated for.

When using a load cell, the torque signal shall be transferred to the engine axis and the inertia of the
dynamometer shall be considered. The actual engine torque is the torque read on the load cell plus
the moment of inertia of the brake multiplied by the angular acceleration. The control system has to
perform such a calculation in real time.

Torquesha- “““ astrea—e By ot g-a-Stra gageor-S 3 e ebetween the
engine and|dynamometer or by measuring torque by mounting a strain gage or similar instrument
on a lever [arm connected to the dynamometer housing. Torque may be calculated from\intdrnal
dynamometer signals, such as armature current, as long as this measurement is calibrated asidescrjibed
in9.9.1.

6.2.4 Engine accessories

The work of engine accessories required to fuel, lubricate, or heat the engine;ibculate liquid coolapt to
the engine, Jor to operate after-treatment devices shall be accounted for and they shall be install¢d in
accordance|with ISO 8178-4:2020, 5.2.

6.3 Pressure transducers, temperature sensors, and dew point sensors

Overall systems for measuring pressure, temperature, and dew, point shall meet the calibration in $.1
Pressure tfansducers shall be located in a temperaturé-controlled environment, or they shall
compensat¢ for temperature changes over their expectéd operating range. Transducer materials fhall

be compatilple with the fluid being measured.

Temperatuile measurement may be done by systéms such as the following:

— thermistors;

— thermojcouples;

— resistivle temperature detectors-(RTDs).

Pressure mgters may include:

a) either fapacitance-type, quartz crystal, or laser-interferometer transducers for atmospheric
pressure or other precision pressure measurements;

b) either gtrain gage or capacitance-type pressure transducers for other applications;

c) other pfessure-measurement instruments, such as manometers.

Dew point meters may include:

a) chilled-surface hygrometers which include chilled mirror detectors and chilled surface acoustic
wave (SAW) for PM-stabilization environments;

b) thin-film capacitance sensors, for other applications;

c) other dew point sensors, such as a wet-bulb/dry-bulb psychrometer.

6.4 Flow related measurements

For any type of flow meter, the flow shall be conditioned as needed to prevent wakes, eddies, circulating
flows, or flow pulsations from affecting the accuracy or repeatability of the meter. For some meters, this
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may be accomplished by using a sufficient length of straight tubing (such as a length equal to at least
10 pipe diameters) or by using specially designed tubing bends, straightening fins, orifice plates (or
pneumatic pulsation dampeners for the fuel flow meter) to establish a steady and predictable velocity
profile upstream of the meter.

6.4.1 Fuel flow

Overall system for measuring fuel flow shall meet the calibration in 9.11.1. In any fuel flow measurement,
fuel that bypasses the engine or returns from the engine to the fuel storage tank shall be accounted for.

A fuel flow meter that measures mass directly, such as one that relies on gravimetric or inertial
meapurement principles should be used. This may involve using a meter with one or mese scales for
weighing fuel or using a Coriolis meter.

The [fuel flow shall be conditioned as needed to prevent any gas bubbles in the fuel from affecting the
fuel meter.

6.4.2 Intake air flow

Ovefall system for measuring intake-air flow shall meet the calibration and linearity verification in
9.11|2 and 9.1.4.

The [ntake flow meter may include a laminar flow element, an dltrasonic flow meter, a subsgnic venturi,
a thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer.

Flow conditioning shall be carried out as described in thé.beginning of 6.4.

6.4.3 Raw exhaust flow

The pverall system for measuring raw exhaustflow shall meet the linearity requirements in 9.1.4. Any
raw-{exhaust meter shall be designed to appropriately compensate for changes in the raw exhaust's
thermodynamic, fluid, and compositionakstates and calibrated according to 9.11.3.

6.4.3.1 Flow meter response time

For the purpose of controlling of a partial flow dilution system to extract a proportional ffaw exhaust
sample, a flow meter response time faster than indicated in Table 5 is required. For partial flow
diluion systems with online control, the flow meter response time shall meet the specifications in
ISO $178-4:2020, 8.2.1:2-

Any(direct exhaustmeter shall be designed to appropriately compensate for changes in the raw exhaust's
thermodynamityfluid, and compositional states. The raw-exhaust flow measurement may ifjvolve using
anx’rtrasonic flow meter, a subsonic venturi, an averaging Pitot tube, a hot-wire anemomefer, a vortex
flowmeter,or other measurement principle. This would generally not involve a laminar flow element or
a thgrmal-mass meter.

Precautions shall be taken to avoid measurement errors which will impact on emission value errors.
Such precautions include the careful installation of the device in the engine exhaust system according
to the instrument manufacturers’ recommendations and to good engineering practice. In particular,
engine performance and emissions shall not be affected by the installation of the device.

6.4.3.2 Exhaust cooling
This subclause applies to cooling of the exhaust gas after it leaves the engine. It does not refer to cooling

of the exhaust gas that may occur in normal engine operation due to the design of the engine, including,
but not limited to, water-cooled exhaust manifolds or turbochargers.
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The raw exhaust may be cooled upstream of a raw-exhaust flow meter, as long as all the following
provisions are observed:

a) No sampling of PM should be carried out downstream of the cooling.

b) If cooling causes exhaust temperatures above 202 °C to decrease to below 180 °C, no sampling of
NMHC should be carried out downstream of the cooling for:

— compression-ignition engines;

— 2-stroke spark-ignition engines;

— 4-sfroke spark-ignition engines below 19 kW.

c) The coqling shall not cause aqueous condensation.

6.4.3.3 Application
The measuted raw exhaust flow may be used as follows:

a) The actjual value of calculated raw exhaust shall be used in the following.¢ases:

1) Multiply raw exhaust flow rate with continuously sampled concentrations.
2) Multiply total raw exhaust with batch sampled concentratiens:

b) In the following cases, a raw exhaust flow meter signal that does not give the actual valge of
raw exhaust may be used, as long as it is linearly propaptional to the exhaust flow rate’s ag¢tual
calculated value:

1) Forl feedback control of a proportional sampling’system, such as a partial-flow dilution system.

2) For multiplying with continuously sampled/gas concentrations, if the same signal is used|in a
chgmical-balance calculation to determine work from brake-specific fuel consumption and fuel
corfsumed.

An intake-alir flow meter signal may be used instead of the exhaust flow signal in the following casegs, as
long as it is Jlinearly proportional to thejexhaust flow rate’s actual calculated value:

a) For feeglback control of a preportional sampling system, such as a partial-flow dilution system

b) For multiplying with centinuously sampled gas concentrations, if the same signal is used|in a
chemicpl-balance calculation to determine work from brake-specific fuel consumption and|fuel
consunjed.

6.4.4 Indirect exhaust flow

6.4.4.1 Airand fuel measurement method

This involves measurement of the air flow and the fuel flow. Air flowmeters and fuel flowmeters with
an accuracy defined in addition to 5.3 shall be used. The instantaneous exhaust gas flow shall be the
sum of time-aligned instantaneous air mass flow and fuel mass flow.

6.4.4.2 Fuel flow and carbon balance method

This involves exhaust mass calculation from fuel consumption, fuel composition and exhaust gas
concentrations using the carbon balance method. The calculation of the exhaust gas flow shall be in
accordance with ISO 8178-4:2020, D.3.2.3.1.

For aftertreatment systems that use urea for NO, reduction, the method may be used without taking
urea consumption into account.
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For aftertreatment systems requiring active regeneration, this method does not provide adequate
accuracy, unless air- and fuel mass flow of active regeneration system are considered.

6.4.4.3 Tracer measurement method
This involves measurement of the concentration of a tracer gas in the exhaust.

A known amount of an inert gas (e.g. pure helium) shall be injected into the exhaust gas flow as a
tracer. The gas is mixed and diluted by the exhaust gas, but shall not react in the exhaust pipe. The

concentration of the gas shall then be measured in the exhaust gas sample.
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6.4.5.2 Component requirements

It is recommended that the diluted exhaust flow meter meets the specifications in Table 5. The overall
system for measuring diluted exhaust flow shall meet the calibration and verifications in 9.8. The
following meters may be used:

a) For constant-volume sampling (CVS) of the total flow of diluted exhaust, a critical-flow venturi
(CFV) or multiple critical-flow venturis arranged in parallel, a positive-displacement pump (PDP),
a subsonic venturi (SSV), or an ultrasonic flow meter (UFM) may be used. Combined with an
upstream heat exchanger, either a CFV or a PDP will also function as a passive flow controller by
keeping the diluted exhaust temperature constant in a CVS system.
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b) For the partial flow dilution (PFD) system the combination of any flow meter with any active flow
control system to maintain proportional sampling of exhaust constituents may be used. The total
flow of diluted exhaust, or one or more sample flows, or a combination of these flow controls may
be controlled to maintain proportional sampling.

For any other dilution system, a laminar flow element, an ultrasonic flow meter, a subsonic venturi,
a critical-flow venturi or multiple critical-flow venturis arranged in parallel, a positive-displacement
meter, a thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer may be used.

For any type of diluted exhaust flow meter, the flow shall be conditioned as needed to prevent wakes,
eddies, circulating flows, or flow pulsations from affecting the accuracy or repeatability of the meter.
For some nfeters, this may be accompiishied by Using a sufficient fengtir of straight tubing (Sucijas a
length equal to at least 10 pipe diameters) or by using specially designed tubing bends, orifice plates or
straightenipg fins to establish a predictable velocity profile upstream of the meter.

6.4.5.3 Exhaust cooling

This subclafise applies to cooling of the exhaust gas after it leaves the engine. It doésnot refer to cogling
of the exhalI:st gas that may occur in normal engine operation due to the design éf the engine, inclugling,
but not limited to, water-cooled exhaust manifolds or turbochargers.

Diluted exhfaust upstream of a dilute flow meter may be cooled, as long’as-all the following provigions
are observdd:

a) PM shall not be sampled downstream of the cooling.

b) If cooling causes exhaust temperatures above 202 °C to décrease to below 180 °C, NMHC shall not
be sampled downstream of the cooling.

c) Ifcoolipg causes aqueous condensation, NO, shall ngt be sampled downstream of the cooling unless
the cooler meets the performance verification in 9.5.9.3.

d) If coolihg causes aqueous condensation before the flow reaches a flow meter, dew point, Ty,,|and
pressufe p.,., shall be measured at the flow meter inlet. These values shall be used in emigsion
calculations according ISO 8178-4:2020, Annex H.

6.4.6 Sample flow meter for batch-sampling

A sample flpw meter shall be used to determine sample flow rates or total flow sampled into a Hatch
sampling system over a testinterval. The difference between two flow meters may be used to calciilate
sample flow into a dilutiod tuhnel e.g. for partial flow dilution PM measurement and secondary dilytion
flow PM mepsurement or'total raw exhaust flow over a test interval, e.g. by subtracting dilution airflow
from total (VS flow.

Specifications fotdifferential flow measurement to extract a proportional raw exhaust sample is given
in 9.8.6.1 and-the calibration of differential flow measurement is given in 9.8.6.2.

It is recommended to use a sample flow meter that meets the specifications in Table 5. A sample flow
meter may involve a laminar flow element, an ultrasonic flow meter, a subsonic venturi, a critical-flow
venturi (CFV) or multiple critical-flow venturis arranged in parallel, a positive-displacement meter, a
thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer. Note that the overall system
for measuring sample flow shall meet the linearity verification in 9.1.4. For the special case where CFVs
are used for both the diluted exhaust and sample-flow measurements and their upstream pressures
and temperatures remain similar during testing, the flow rate of the sample-flow CFV need not be
quantified. In this special case, the sample-flow CFV inherently flow-weights the batch sample relative
to the diluted exhaust CFV.

Overall system for the sample flow meter shall meet the calibration in 9.11.3.

For any type of sample flow meter, the flow shall be conditioned as needed to prevent wakes, eddies,
circulating flows, or flow pulsations from affecting the accuracy or repeatability of the meter. For some
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meters, this may be accomplished by using a sufficient length of straight tubing (such as a length equal
to atleast 10 pipe diameters) or by using specially designed tubing bends, orifice plates or straightening
fins to establish a predictable velocity profile upstream of the meter.

6.4.7 Use of gas dividers
A gas divider may be used to blend calibration gases.

If a gas divider is used, it shall blend gases to the specifications of 9.2 and to the concentrations
expected during testing. Critical-flow gas dividers, capillary-tube gas dividers, or thermal-mass-meter
gas dividers may be used. Viscosity corrections shall be applied as necessary (if not done by gas divider
internal software) to appropriately ensure correct gas division. The gas-divider system shall meet the
linegrity verification in 9.1.4.5. Optionally, the blending device may be checked witlf an|instrument
whigh by nature is linear, e.g. using NO gas with a CLD. The span value of the in§trument shall be
adjupted with the span gas directly connected to the instrument. The gas divider shall |be checked
at the settings used and the nominal value shall be compared to the measuxédy concentration of the
instfument.

7 Determination of the gaseous components

7.1 | General specifications

The |Janalysers shall have a measuring range appropriatexfor the accuracy required to measure the
condentrations of the exhaust gas components.

7.2 | Gas drying

Exhjust gases may be measured wet or dry. A'gas-drying device, if used, shall have a minimal effect
on the composition of the measured gases..Chemical dryers are not an acceptable method ¢f removing
watgr from the sample.

Sample dryers shall meet the specifications in 5.2.2.3.1.
7.3 | Analysers

7.3.1 General

7.3.2to 7.3.12 defipe.the measurement principles to be used. A detailed description of the mpasurement
systems is givendn.74. The gases to be measured shall be analysed with the following instrpments. For
nondlinear analysers, the use of linearizing circuits is permitted.

7.3.2 _Carbon monoxide (CO) and carbon dioxide (CO,) analysis

AN n_dicpnrcivn infrared (Nn”?) nnn]ycnr shall be used to measure CO and (‘né concentrations in raw
or diluted exhaust for either batch or continuous sampling.

The NDIR-based system shall meet the calibration and verifications in 9.5.8.

7.3.3 Oxygen (0,) analysis

A paramagnetic detection (PMD) analyser shall be used to measure O, concentration in raw or diluted
exhaust for batch or continuous sampling.
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7.3.4 Hydrocarbon (HC) analysis

7.3.4.1 General

A heated flame-ionization detector (HFID) analyser shall be used to measure hydrocarbon
concentrations in raw or diluted exhaust for either batch or continuous sampling. Hydrocarbon
concentrations shall be determined on a carbon number basis of one, C;. Methane and non-methane
hydrocarbon values shall be determined as described in 7.3.5.1. Heated FID analysers shall maintain all
surfaces that are exposed to emissions at a temperature of (191 * 11) °C.

For methanol-fuelled engines, the temperature requirements of 7.3.11.3 apply. Optionally, for gas-
fuelled engines and for the dilute testing of spark-ignition engines, the hydrocarbon analyser may be of
the non-hegted flame ionization detector (FID) type.

7.3.4.2 FID fuel and burner air

FID fuel andl burner air shall meet the specifications of 9.2. The FID fuel and burnér air shall no mix
before entefring the FID analyser to ensure that the FID analyser operates with-a diffusion flame and
not a premifked flame.

7.3.5 Nonp-methane hydrocarbon (NMHC) analysis

7.3.5.1 Ggneral

FID analysdrs measure total hydrocarbons (THC). To determine hon-methane hydrocarbons (NMHC),
methane, CH,, shall be quantified either with a non-methane cutter and a FID analyser as describ¢d in
7.3.5.3, or wjith a gas chromatograph as described in 7.3.5.2\ For a FID analyser used to determine N} HC,
its respons¢ factor to CHy, frp cyar Shall be determined@s described in 9.5. NMHC-related calculations
are describgd in ISO 8178-4:2020, Clause 9 and Annex-H.

For enginesfoperated only on Diesel fuel, itis allowed to assume that 2 % of measured total hydrocarpons
is methane,|instead of measuring methane.

7.3.5.2 Gas chromatographic (GC) method

A gas chronjatograph may be used to measure CH, concentrations of diluted exhaust for batch samp|ling.
While also |a non-methane cutter) may be used to measure CH,, as described in 7.3.5.3 a refergence
procedure based on a gas chromatograph shall be used for comparison with any proposed alterpnate
measurement procedure inAnnex B.

7.3.5.3 Npn-methane cutter (NMC) method

A non-methjane, cutter may be used to measure CH, with a FID analyser. A non-methane cutter oxidizes
all non-methane hydrocarbons to CO, and H,0. A non-methane cutter may be used for raw or dilrlted
exhaust forlbatch or continuous cnmpling

Non-methane-cutter performance shall be determined as described in 9.5.7 and the results shall be
used to calculate NMHC emission in ISO 8178-4:2020, Clause 9 and Annex H.

The non-methane cutter shall be configured with a bypass line for the verification described in 9.5.7.

A non-methane cutter may be optimised to maximize the penetration of CH, and the oxidation of all
other hydrocarbons. A sample may be humidified and a sample may be diluted with purified air or
oxygen (0,) upstream of non-methane cutter to optimize its performance. Any sample humidification
and dilution shall be accounted for in emission calculations.
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7.3.6 Oxides of nitrogen (NO,) analysis

The following measurement instruments are specified for NO, measurement and either instrument may
be used provided it meets the criteria specified in 7.3.6.1 to 7.3.6.4, respectively. The chemiluminescent
detector shall be used as the reference procedure for comparison with any proposed alternate
measurement procedure in Annex B.

7.3.6.1 CLD

The CLD-based system shall meet the quench verification in 9.5.9.1. A heated or unheated CLD may be
used, and a CLD that operates at atmospheric pressure or under a vacuum may be used.

An ipternal or external NO,-to-NO converter that meets the verification in 9.4 shall be plaegd upstream
of thle CLD, while the converter shall be configured with a bypass to facilitate this verificatipn.

A hepted CLD may be used to improve CLD response time.

7.3.6.1.1 Humidity effects

All JLD temperatures shall be maintained to prevent aqueous condensdtion. To remove humidity from
a sample upstream of a CLD, one of the following configurations shalkbe used:

a) pCLD connected downstream of any dryer or chiller that isdownstream of an NO,-to-NO converter
fhat meets the verification in 9.4;

b) h CLD connected downstream of any dryer or thermal-chiller that meets the verification in 9.5.9.3.

7.3]’;.2 NDUV

A ngn-dispersive ultraviolet (NDUV) analyseris used to measure NO, concentration in ray or diluted
exhdust for batch or continuous sampling.

If the NDUV analyser measures only NOjan internal or external NO,-to-NO converter that meets the
verification in 9.4 shall be placed upstream of the NDUV analyser. The converter shall be| configured
with a bypass to facilitate this verification.

7.3.6.2.1 Humidity effects

All NDUV temperaturgs-shall be maintained to prevent aqueous condensation. To remoye humidity
fron a sample upstréam of a NDUV, one of the following configurations shall be used:

a) p NDUV comnécted downstream of any dryer or chiller that is downstream of an[ NO,-to-NO
ronvertef that meets the verification in 9.4;

b) hNDUWconnected downstream of any dryer or thermal chiller that meets the verificati¢n in 9.5.9.3.

7.3.6.3— NDUV-RAS

Alternatively, an NDUV-RAS (non-dispersive ultraviolet - resonant absorption spectroscopy) analyser
may be used to measure oxides of nitrogen without the use of a NO,-to-NO converter. The NDUV-
RAS analyser determines NO concentrations by means of gas filter and interference filter correlation
measurements of light, emitted by a gas-filled electrode-less discharge lamp (EDL) in a very narrow
spectral range NO, concentration is determined with the same set-up by means of interference filter
correlation measurements. If the NDUV-RAS analyser measures only NO, a NO,-to-NO converter with
bypass capability shall be placed upstream of the analyser.

In order to prevent humidity effects, either the temperature of all gas feeding parts the NDUV-RAS
analyser shall be maintained above the exhaust’s dew point, or a dryer or gas cooler shall be connected
upstream of the analyser. If the NDUV-RAS analyser is connected to a NO,-to-NO converter, the gas cooler
shall be connected between the converter and the analyser in order to avoid NO, losses in the cooler.
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7.3.6.4 Laser infrared analyser

Alaserinfrared analyser may be used for NO, measurementin accordance with the instrument supplier’s
instructions. The NO, concentration may be determined by summing NO and NO, concentrations, since
conventional engines and aftertreatment systems do not emit significant amounts of other NO, species.
The temperature of the sample line shall be maintained to prevent water condensation.

Examples of infrared laser analysers are pulsed-mode high resolution narrow band mid-infrared
analysers such as analysers using QCL (quantum cascade laser).

7.3.7 Sulphur dioxide (SO,) analysis

7.3.7.1 CLlculation

The SO, enjission shall be calculated from the sulphur content of the fuel used, since experiencq has
shown thatfusing the direct measurement method for SO, does not give more precise nesults:

Ams02 =Mms X Weam % 20 €y

where

Qmsoz |is SO, mass flow rate, kg/s;
At is fuel mass flow rate, kg/s;

weam  |is S content of fuel, % mass.

NOTE The application of the calculation method for SO, aS§sumes a 100 % sulphur conversion and is lirhited
to engines wlithout aftertreatment systems.

7.3.7.2 Measurement

If an aftertfeatment system is used, SO, shall be measured in accordance with the instructions of the
instrument|suppliers with prior agreement.of the parties involved. Condensation shall be avoided.

Sulphur diofkide analysers shall be of the FTIR, NDIR or NDUV types.

7.3.8 Amjmonia (NH;) analysis

A FTIR (Fqurier transfofm~infrared) analyser, NDUV or laser infrared analyser may be used in
accordance|with 7.4.3.

7.3.9 Dinitrogenoxide (N,0) analysis

An FTIR analiyser, an NDIR (non-dispersive infrared) analyser, laser infrared analyser or NDUV analyser
may be used Tn accordance with the Instrument supplier s Instructions.

7.3.10 Formaldehyde (HCHO) analysis

Formaldehyde shall be determined by passing an exhaust sample, preferably from the diluted exhaust
gas, through an impinger containing an acetonitrile (ACN) solution of DNPH reagent or through a silica
cartridge coated with 2.4-DNPH. The sample collected shall be analysed by a high-performance liquid
chromatograph (HPLC) using UV detection at 365 nm.

Optionally, an FTIR or NDIR analyser may be used in accordance with the instrument supplier’s
instructions.
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7.3.11 Methanol (CH;0H) analysis

7.3.11.1 General

An FTIR analyser may be used in accordance with the instrument supplier’s instructions. Since the
technology has not been fully demonstrated for exhaust measurements, prior agreement of the parties
involved is required.

7.3.11.2 Gas chromatographic (GC) method

Methanol shall be determined hv passing an exhaust camn]p fhrmlch animpinger containin de-ionized

watgr. The sample shall be analysed by a GC with FID.

7.3.11.3 HFID method

The HFID calibrated on propane shall be operated at 112 °C £ 10 °C. The methahol response|factor shall
be determined at several concentrations in the range of concentrations in the-sample, accordipg to 9.5.10.

To fhlfil the accuracy specified above, the sensor shall be calibrated-as-specified by the|instrument
manpufacturer.

7.3.12 Air-to-fuel measurement

The pir-to-fuel measurement equipment used to determine the exhaust gas flow as specifi¢d in 6.4.4.4
shal] be a wide range air-to-fuel ratio sensor or lambda sénsor of zirconia type.

The [sensor shall be mounted directly on the exhaust-pipe where the exhaust gas temperafure is high
enoygh to eliminate water condensation.

The pccuracy of the sensor with incorporated electronics shall be as follows:
— E3 % ofreading for A < 2;

— k5 % ofreading for2<A<5;

— |10 % of reading for 5 < A

To fulfil the accuracy specified above, the sensor shall be calibrated as specified by the|instrument
manufacturer.

7.4 | Measurement system

7.4.1 General

7.4.4t0"74'6 and Figure 3 to Figure 6 contain detailed descriptions of the typical sampling arjd analysing
systems. Since various configurations can produce equivalent results, exact conformance with these
figures is not required. However, conformance with the basic requirements such as sampling line
heating is mandatory. Additional components such as instruments, valves, solenoids, pumps, filters and
switches may be used to provide additional information and coordinate the functions of the component
systems. Other components which are not needed to maintain the accuracy on certain systems may be
excluded if their exclusion is based upon good engineering judgement.

7.4.2 Analytical system

An analytical system for the determination of the gaseous emissions in the raw or diluted exhaust gas
is described, based on the use of the analyzers in 7.3. Annex F provides examples of the exhaust gas
analysis system.
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For the raw exhaust gas (see Figure F.1 as an example), the sample for all components may be taken
with one sampling probe or with two sampling probes located in close proximity and internally split
to the different analysers. Care shall be taken that no condensation of exhaust components (including

water and s

ulphuric acid) occurs at any point of the analytical system.

For the diluted exhaust gas (see Figure F.2 as an example), the sample for the hydrocarbons shall be
taken with a sampling probe other than that used with the sample for the other components, unless
a common sample pump is used for all analysers and the sample line system design reflects good
engineering practice. Care shall be taken that no condensation of exhaust components (including water
and sulphuric acid) occurs at any point of the analytical system.
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7.4.3.1.1.3

Cross interference

The spectral resolution of the laser shall be within 0,5 cm™ in order to minimize cross interference
from other gases present in the exhaust gas.

7.4.3.2 Extractive measurement devices

7.4.3.2.1

7.4.3.2.1.1

Fourier transform infrared (FTIR) analyser

Measurement principle

The FTIR employs the broad waveband infrared spectroscopy principle. It allows simultaneous
measurement of exhaust components whose standardized spectra are available in the instrument. The
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absorption spectrum (intensity/wavelength) is calculated from the measured interferogram (intensity/
time) by means of the Fourier transform method.

7.4.3.2.1.2 Installation and sampling

The FTIR shall be installed in accordance with the instrument manufacturer's instructions. The NH;
wavelength shall be selected for evaluation. The sample path (sampling line, pre-filter(s) and valves)
shall be made of stainless steel or PTFE and shall be heated a temperature between 110 °C and 202 °C
in order to minimize NH; losses and sampling artefacts. In addition, the sampling line shall be as short
as practically possible.

7.4.3.2.1.3 Cross interference

The [spectral resolution of the NH; wavelength shall be within 0,5 cm! in order.tb minjmize cross
interference from other gases present in the exhaust gas.

7.4.3.2.2 NDUV

7.4.3.2.2.1 Measurement principle

The jmethod is called Non Dispersive Ultra Violet Resonance Absorption Spectroscopy (NPUV), since
the ethod is based on purely physical principle, no auxiliary gases or equipment is necessary.

The main element of the photometer is an electrode-less discharge lamp. It produces a sharply structured
radifition in the ultraviolet range, enabling the measurement of several components such as [NHs.

The photometric system has a dual beam in time design set up to produce a measuring and|a reference
bearn by filter correlation technique.

In order to achieve a high stability of the measuring signal the dual beam in time design is combined
withl a dual beam in space design. The detector signals processing fosters an almost negligjble amount
of zdro point drift rate.

In tHe calibration mode of the analyser a sealed-off quartz cell is tilted into the beam path fo obtain an
exadt calibration value, since any-reflection and absorption losses of the cell windows are cgncelled out.
Since the gas filling of the cell\is very stable, this calibration method leads to long term stapility of the
photometer.

7.4.3.2.2.2 Installation

The pnalyser shall be installed within an analyser cabinet using extractive sampling in accofdance with
the instrument manufacturer’s instructions.

The pnalyser location shall be capable of supporting the weight specified by the manufacturer.
Ifingtalled in an analyser cahinet, the sample path (sampling line pre-filter(s) and valves) shall be made
of stainless steel or PTFE and shall be heated a temperature between 110 °C and 202 °C.

In addition, the sampling line shall be as short as possible.

Influence from exhaust temperature and pressure, installation environment and vibrations on the

mea

surement shall be minimized.

The gas analyser shall be protected from cold, heat, temperature variations, and strong air currents,
accumulation of dust, corrosive atmosphere and vibrations.

Adequate air circulation shall be provided to avoid heat build-up.

The

complete surface shall be used to dissipate the heat losses.
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7.4.3.2.2.3 Cross sensitivity

An appropriate spectral range needs to be chosen in order to minimize cross interferences of
accompanying gases. Typical components causing cross sensitivities on the NH; measurement are SO,,
NO, and NO.

Additionally, further methods can be applied to reduce the cross sensitivities.

a) usageo

b)

f interference filters;

7.4.3.2.3

7.4.3.2.3.1

An infrared
coherent li
compounds

resolution parrow band near-infrared or mid-infrared spectrum. Therefore, laser infrared analy

can reduce

7.4.3.2.3.2

The laser i
instruction
PTFE and s

and sampling artefacts. In addition, the sampling line shall be as short as practically possible.

7.4.3.2.3.3
a)

Scope a

If NH; i
initial g

b) Measur

Interfel
similar
gases t
test the

Good ¢
analysq

Infrared analyser shall be installed in accordange with the instrument manufactu

Laser Infrared Analyser

Measurement principle

| laser such as a tunable diode laser (TDL) or a quantum cascade l@ser (QCL) can
bht in the near-infrared region or in mid-infrared region respectively where nitr
including NH; have strong absorption. This laser optics cangive a pulsed-mode

nterference caused by the spectral overlap of co-existing gasesin engine exhaust.

Installation and sampling

5. The sample path (sampling line, pre-filter(s) and valves) shall be made of stainless ste|
nall be heated to a temperature between 110_%C€ and 202 °C in order to minimize NH; Ig

Interference verification for NH; laser infrared analysers (Cross interference)
nd frequency:

s measured using laser infrared analyser, the amount of interference shall be verified
nalyser installation and.after major maintenance.

ement principles for(intérference verification:

ence gases can pesitively interfere with certain laser infrared analyser by causingaresp
to NHs. If the‘analyser uses compensation algorithms that utilize measurements of g
b meet thispinterference verification, simultaneously conduct these other measuremen|
compensation algorithms during the analyser interference verification.

ngineering judgment shall be used to determine interference gases for laser infr

cross sensitivity compensation by measuring cross sensitivity components and using the
measurement signal for compensation

emit
bgen
high
sers

rer's
el or
sses

hfter

bnse
ther

[ts to

ared
NH;

riNote that interference species, with the exception of H,0, are dependent on the

infraredabsorption band chosen by the Instrument manuiacturer. For each analyser determine the
NH; infrared absorption band. For each NH; infrared absorption band, good engineering judgment
shall be used to determine interference gases to use in the verification.

7.4.3.3 Emissions test procedure

7.4.3.3.1

Checking the analysers

Prior to the emissions test, the analyser range shall be selected. Emission analysers with automatic or
manual range switching shall be permitted. During the test cycle, the range of the analysers shall not be

switched.
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Zero and span response shall be determined, if the provisions of 7.4.3.3.4.2 do not apply for the
instrument. For the span response, a NH; gas that meets the specifications of 7.4.3.4.2.7 shall be used.
The use of reference cells that contain NH; span gas is permitted.

7.4.3.3.2 Collection of emission relevant data

At the start of the test sequence, the NH; data collection shall be started, simultaneously. The NH;
concentration shall be measured continuously and stored with atleast 1 Hz on a computer system.

7.4.3.3.3 Operations after test

At the completion of the test, sampling shall continue until system response times thgve elapsed.
Detdrmination of analyser's drift in accordance with 7.4.3.3.4.1 shall only be required if\the Information
in 74.3.3.4.2 is not available.

7.4.3.3.4 Analyser drift

7.4.3.3.4.1 Drift verification

As spon as practical but no later than 30 minutes after the test cy¢le is complete or duripg the soak
peripd, the zero and span responses of the analyser shall be determined. The difference Hetween the
pre-test and post-test results shall be less than 2 % of full scalég,

7.4.3.3.4.2 Drift verification exemption
Detdrmination of analyser drift is not required in théfollowing situations:

a) |f the zero and span drift specified by the instrument manufacturer in 7.4.3.4.2.3 an¢ 7.4.3.4.2.4
neets the requirements of 7.4.3.3.4.1;

b) the time interval for zero and span-drift specified by the instrument manufacturgr in points
7.4.3.4.2.3 and 7.4.3.4.2.4 exceedsthe' duration of the test.

7.4.3.4 Analyser specification\and verification

7.4.3.4.1 Linearity requirements

The pnalyser shall coniply with the linearity requirements specified in Table 7. The linearity|verification
in adcordance with™9.%.4 shall be performed at least at the minimum frequency set out in Table 6. With
the prior approval-of the Type Approval Authority, less than 10 reference points are perritted, if an
equifvalent aceuracy can be demonstrated.

For the linearity verification, a NH; gas that meets the specifications of 7.4.3.4.2.7 shall be uged. The use
of reference cells that contain NH; span gas shall be permitted.

Instruments, whose signals are used for compensation algorithms, shall meet the linearity requirements
specified in Table 7. Linearity verification shall be done as required by internal audit procedures or
by the instrument manufacturer. The implementation of a quality management system, such as in
accordance with ISO 9000, is advised.

7.4.3.4.2 Analyser specifications

The analyser shall have a measuring range and response time appropriate for the accuracy required to
measure the concentration of NH; under transient and steady state conditions.

7.4.3.4.2.1 Minimum detection limit

The analyser shall have a minimum detection limit of <2 pmol/mol under all conditions of testing.

© IS0 2020 - All rights reserved 39


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-1:2020(E)

7.4.3.4.2.2

Accuracy

The accuracy, defined as the deviation of the analyser reading from the reference value, shall not exceed

+3 % of the

7.4.3.4.2.3

reading or #2 pmol/mol, whichever is larger.

Zero drift

The drift of the zero response and the related time interval shall be specified by the instrument
manufacturer.

7.4.3.4.2.4

Span drift

The drift o
manufactuy

7.4.3.4.2.5

The system

7.4.3.4.2.6

The rise tinje of the analyser shall be <5 s.

7.4.3.4.2.7
A gas mixty
NH3 and pu

The true o
concentrati

The expirat]

7.4.3.4.2.8

The interfe}]

er.

System response time

response time shall be <20 s.

Rise time

NH; calibration gas
re with the following chemical composition shallb&available.
rified nitrogen.

oncentration of the calibration gas shall be within +3 % of the nominal value.
pn of NH; shall be given on a volume basis (volume per cent or pumol/mol).

ion date of the calibration gases tated by the manufacturer shall be recorded.

Interference verificatiofiiprocedure
ence verification shall be’performed as follows:

[, analyser shall\be’ started, operated, zeroed, and spanned as it would be befor
n test.

dified interference test gas shall be created by bubbling a multi component span

temperptureshall be controlled to generate an H,0 level at least as high as the maximum expe
during mission testing. Interference span gas concentrations shall be used at least as high a
maximfum-expected during testing.

distilléd H,0 in a sealed vessel. If the sample is not passed through a dryer, the v

f the span response and the related time interval shall be specified by the instrument

The

D

an

gas
bssel
cted
5 the

The humidified interference test gas shall be introduced into the sample system.

The water mole fraction, xy,q, of the humidified interference test gas shall be measured; as close as

possible to the inlet of the analyser. For example, dew point, Tj,,,, and absolute pressure, p, .}, shall
be measured to calculate xy;,,.

valves from the point where xy;, is measured to the analyser.

Time shall be allowed for the analyser response to stabilize.

arithmetic mean of this data shall be calculated.

a) The NK
emissig

b) A hum
throug

c)

d)

e)

f)

g)

40

Good engineering judgment shall be used to prevent condensation in the transfer lines, fittings, or

While the analyser measures the sample’s concentration, its output shall be recorded for 30 s. The
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h) The analyser meets the interference verification if the result of g) meets the tolerance in this

j)

subclause.

Interference procedures for individual interference gases may also run separately. If the
interference gas levels used are higher than the maximum levels expected during testing, each
observed interference value may be scaled down by multiplying the observed interference by the
ratio of the maximum expected concentration value to the actual value used during this procedure.
Separate interference concentrations of H,0 (down to 0,025 mol/mol H,0 content) that are lower

than the maximum levels expected during testing may be run, but the observed H,0 i
shall be scaled up by multiplying the observed interference by the ratio of the maximu

nterference
m expected

H,0 concentration value to the actual value used during this procedure. The sum of the scaled

nterference values shall meet the tolerance for combined interference as specified in4)

The analyser shall have combined interference within +2 ppm or as specified)by
nvolved.

7.4.3.4.2.9 Alternative systems

Othe

equivalent results in accordance with Clause 5. In this case, "results!Jn that point shall
meah NH; concentration calculated for the applicable cycle.

7.4.
The

Methane analysis

ethane (CH,) analysis can be done in two ways.

7.4.4.1 Gas chromatographic (GC) method (Figure 3)

For

etails of this method see SAE ] 1151.

Whedn using the GC method, a small measuted volume of a sample is injected into an analyt

thro|

ugh which it is swept by an inert cartier gas. The column separates various component

to their boiling points so that they efute from the column at different times. Then they pas

dete)
anal

For

ctor which gives an electrical signal that depends on their concentration. This is not 4
ysis technique.

LH, an automated GC with a FID shall be used. The exhaust gas is sampled into a sampli

whigh a part is taken and.injected into the GC. The sample is separated into two parts (CH,
NMHC/CO,/H,0) on thé-Porapak column. The molecular sieve column separates CH, from
CO Hefore passing.it\te the FID. A complete cycle from injection of one sample to injection

one

fan be madedn-30 s.

Figure 3 shoxgan example of GC assembled to routinely determine CH,.

Othg¢r GC methods can also be used based on good engineering judgement.

the parties

r systems or analysers may be approved by the approval authority, if it is found that they yield

refer to the

ical column
s according
s through a
continuous

hg bag from
air/CO and
the air and
of a second
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: R1
B PC | |V4 L V2

MSC HC

SLP

Vent.

Sample.

Span gas.
Air inlet]
Fuel inlgt.

Figure 3 — Flow diagram for methane analysis (GC method)
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Components of Figure 3

PC — Porapak column

1:2020(E)

Porapak N, 180/300 pm (50/80 mesh), 610 mm length x 2,16 mm inner diameter shall be used and
conditioned for at least 12 h at 150 °C with carrier gas prior to initial use. The column length, column

inne

r diameter and the temperature may change according to the column material.

MSC — molecular sieve column

Type 13X, 250/350 pum (45/60 mesh), 1 220 mm length x 2,16 mm inner diameter shall be used and

con

itioned for at least 12 h at 150 °C with carrier gas prior to initial use. The column len

oth, column

inne

oV 4

To nmpaintain columns and valves at a stable temperature for analyser operation,’and to cd

colu

r diameter and the temperature may change according to the column material.

— oven

mns at 150 °C. The temperature may change according to the column material, lengt

dianpeter.

SLP
Asu
P—
Tob
D —

To 1
mold

HC A
To nj
V1
To i
V3
To s¢
V2,

To s¢

— sample loop

fficient length of stainless steel tubing to obtain approximately‘® cm3 volume.
pump

Fing the sample to the gas chromatograph.

dryer

emove water and other contaminants which might be present in the carrier gas;
cular sieve.

- flame ionization detector (FID)

easure the concentration of methane.

- sample injection valve

ject the sample. It shall'bé low dead volume, gas-tight, and heatable to 150 °C.
- selector valve

tlect span gas,'sample or no flow.

V4, V5, V6;V7, V8 — needle valves

bt theflows in the system.

R1,]

R2/R3 — pressure regulators

ndition the
h and inner

contains a

To control the flow rate of the fuel (i.e. carrier gas), the sample and the air, respectively.

FC — flow capillary

To control the rate of air flow to the FID.

G1, G2, G3 — pressure gauges

To monitor the flow of the fuel (i.e. carrier gas), the sample and the air, respectively.

F1, F2,F3, F4, F5 — filters

Sintered metal filters to prevent grit from entering the pump or the instrument.

© IS0 2020 - All rights reserved

43


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-1:2020(E)

FL1 — flowmeter

To measure the sample bypass flow rate.

7.4.4.2 Non-methane cutter (NMC) method

The cutter oxidizes all hydrocarbons except CH, to CO, and H,0, so that by passing the sample through
the NMC only CH, is detected by the HFID. The usual HC sampling train (see 7.4.2) shall be equipped
with a flow diverter system with which the flow can be alternatively passed through or around the
cutter. During non-methane testing, both values shall be observed on the FID and recorded.

The cutter §halt be optimized Dy adjusting 1ts temperature to achieve the conversion elriciencies.

— d
FL1

a —®»= —

b — NMC HC|F—— d

c —-» —

1 HFID

Key
1 HSL
a Zero.
b Span gap.
¢ Sample.
d  Vent

Figure 4 — Flow diagram for methane analysis (NMC method)

Components of Figure 4

NMC — non-methane cutter

To oxidize gll hydrocarbonsexcept methane.
HC

Heated flanpe ionizatioh detector (HFID) to measure the HC and CH, concentrations. The tempergture
shall be kegt at (191 11) °C.

FL1 — flowmeter

To measure the sample bypass flow rate.

7.4.4.3 FTIR (Fourier transform infrared) method

With the agreement of the parties involved, FTIR may be used to determine NMHC. Just as in other
sections where the use of the FTIR has been mentioned, care shall be taken to follow manufacturer’s
guidelines and the Table 7 requirements for linearity verifications.

It is recommended that SAE ] 2992 for FTIR providing detailed procedures for the setup and operation
of the FTIR for automotive emissions applications be used as a guide to follow good engineering
practice. The use of the FTIR is generally beneficial when running natural gas engines and dual fueled
engines especially when the ratio of CH, to THC is greater than 50 %. In this case, the use of the FID THC
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and NMC difference method can lead to larger potential NMHC measurement errors with the errors
increasing with higher CH, to THC ratios.

The FTIR should be used to measure individual components of NMHC that are present in the exhaust
which would then be added to provide the quantity NMHC emissions. Typically, the following
NMHC components are observed: Ethane, Propane, Butane, Pentane and Cg and higher hydrocarbon
components.

7.4.5 Methanol analysis

Among the methanol analysis methods described in 7.3.11, this subclause describes the gas
chrdmatographic (GC) method (see Figure 5).

The exhaust sample is passed through two ice-cooled impingers placed in series containing de-ionized
watgr. Sampling time and flow rate should be such that a CH;0H concentration ef at least 1 mg/l be
reached in the primary impinger. The CH;0H concentration in the second impinger shall ot be more
thar] 10 % of the total amount collected. These requirements do not apply to background megdsurements.

A saﬁlple from the impingers is injected into the GC, preferably not latey than 24 h afterf the test in
accordance with established gas chromatographic procedures. If it%s not possible to perform the
analysis within 24 h, the sample should be stored in a dark cold énvironment of 4 °C to| 10 °C until
anallysis. CH;0H is separated from the other components and detected with an FID. The GC is calibrated
with known amounts of CH;0H standards.

T2

FL

( M__‘LJ
SP HSL

Key
1 |exhaust pipe @rdilution tunnel

Figure 5 — Flow diagram for methanol analysis

7.4.6 Formaldehyde analysis

In the HPLC (high-performance liquid chromatograph), a small measured volume of the sample
is injected into an analytical column through which it is swept by an inert liquid under pressure.
Separation, elution and detection of the components follow the same general rules as with the GC. Like
the GC, it is not a continuous analysis technique.

The exhaust sample is passed through two ice-cooled impingers placed in series containing an ACN
solution of DNPH reagent or through a silica cartridge coated with 2.4-DNPH. The HCHO concentration
in the collectors should be at least 1 mg/1.

A sample from the collector is injected into the HPLC preferably not later than 24 h after the test.
If it is not possible to perform the analysis within 24 h, the sample should be stored in a dark, cold
environment of 4 °C to 10 °C until analysis. HCHO is separated from the other carbonyl components
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by gradient elution (Figure 6) and detected with a UV detector at 365 nm. The HPLC is calibrated with

standards of CHO-DNPH derivatives.

T2
1 FM
FL
VT -
e k==51[ ca o - 3D—
K’SP HSL P

Key
1  exhaust|pipe or dilution tunnel

Figure 6 — Flow diagram for formaldehyde analysis

Components of Figure 5 and Figure 6
SP — sampling probe

For the raw exhaust gas, a stainless steel, straight, closedend, multi-hole probe should be used.
inside diamjeter shall not be greater than the inside diameter of the sampling line. The wall thick
of the prob¢ shall not be greater than 1 mm. There shall'be a minimum of three holes in three diffq
radial plangs sized to sample approximately the same flow. The probe shall extend across at least §
of the diamgter of the exhaust pipe. The probe shall be fitted close to the HC/CO/NO,/C0O,/0, samj]
probe as defined in 5.2.3.

For the dilufed exhaust gas, the probe shall be in the same plane of the dilution tunnel DT (see Figu
as the HC, JO/NO,,/CO, and particulate’sampling probes, but sufficiently distant from other probes
the tunnel Wall to be free from the influence of any wakes or eddies.

HSL — heated sampling line

The tempergature of the HSL/shall be between the maximum dew point of the mixture and 12
Heating of §he HSL may<be omitted, provided the sample collection system (IP) be close coupled t
SP, thereby preventing\loss of sample due to cooling and resulting condensation in the HSL.

IP — impirnger (eptional for formaldehyde)

To collect thesmethanol or formaldehyde in the sample. The impingers should be cooled with ice

The
ness
rent

0%
pling

re 9)
and

L °C.
the

or a

refrigeration unit.

CA — cartridge collector (formaldehyde only; optional)
To collect the formaldehyde in the sample.

B — cooling bath

To cool the impingers.

D — dryer (optional)

To remove water from the sample.

P — sampling pump
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V1 — solenoid valve

To direct the sample to the collection system.

V2 — needle valve

To regulate the sample flow through the collection system.
T1 — temperature sensor

To monitor the temperature of the cooling bath.

T2 4~Temperature sensor (optional)

To mjonitor the temperature of the sample.

FL —+ flow meter (optional)

To measure the sample flow rate through the collection system.
FM 1 flow measurement device

Gas meter or other flow instrumentation to measure the flow through the collection systenp during the
sampling period.

8 Particulate determination
8.1 | Particulate mass

8.1.1 Particulate Sampling probes (PSP)

PM probes with a single opening at the end-shall be used. PM probes shall be oriented to fhce directly
upstiream.

The PM probe may be shielded with a’hat that conforms with the requirements in Figure 7.|In this case
the pre-classifier described in 8:li3 shall not be used.

Dimensions ih millimetres

<o

72

Figure 7 — Scheme of a sampling probe with a hat-shaped pre-classifier

8.1.2 Transfer tubes

Insulated or heated transfer tubes or a heated enclosure should be used to minimize temperature
differences between transfer tubes and exhaust constituents. Transfer tubes that are inert with respect
to PM and are electrically conductive on the inside surfaces shall be used. PM transfer tubes should be
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as short as possible and made of stainless steel; any material other than stainless steel will be required
to meet the same sampling performance as stainless steel, such as electrical conductivity. The inside
surface of PM transfer tubes shall be electrically grounded.

8.1.3 Pre-classifier

The use of a PM pre-classifier to remove large-diameter particles is permitted that is installed in the
dilution system directly before the filter holder. Only one pre-classifier is permitted. If a hat shaped
probe is used (see Figure 7), the use of a pre-classifier is prohibited. The PM pre-classifier may be either
an inertial impactor or a cyclonic separator. It shall be constructed of stainless steel. The pre-classifier

shall be rat

ed to remove at least 50 % of PM at an aerodynamic diameter of 10 ym and no more

han

1 % of PM
pre-classifi
classifier fl

it an aerodynamic diameter of 1 um over the range of flow rates for which it is used.
br outlet may be configured with a means of bypassing any PM sample filter so that the
bw can be stabilized before starting a test. PM sample filter shall be located within 7

downstrear of the pre-classifier's exit.

8.1.4 Particulate sampling filters

The diluted
the test seq

8.1.4.1 Fj

All filter ty
measureme
material sh

a) Fluorog
b) Fluorod

If the exped
initial colle

8.1.4.2 Fj

The nomind
diameter fi
between fil

8143 D

PM sample
downstrea
be controllg

dilution conditions as spec1f1ed in 5 2. 5

exhaust shall be sampled by a filter that meets the requirements 0f-8:1.4.1 to 8.1.4.4 dy
pence.

Iter specification

pes shall have collection efficiency of at least 99,7 %: The sample filter manufactu
nts reflected in their product ratings may be used\to show this requirement. The f
h1l be either:

arbon (PTFE) coated glass fibre; or

arbon (PTFE) membrane.

‘tion efficiency of 98 % may be uSed.

Iter size

1 filter size shall be 46,50 mm * 0,6 mm diameter (at least 37 mm stain diameter). L3
ters are acceptable with prior agreement between the parties involved. Proportion
fer and stain areais Tecommended.

flution and.temperature control of PM samples

b shallsbe”diluted at least once upstream of transfer tubes in case of a CVS system
im case of PFD system (see 8.1.2 relating to transfer tubes). Sample temperature

The
pre-
b cm

ring

rer's
ilter

ted net PM mass on the filter exceeds 400 pg on a 46,50 mm filter, a filter with a minifnum

rger
ality

dtoa (47 +5)°C tolerance as measured anywhere w1th1n 200 mm upstream or 200

8.1.4.4 Filter face velocity

A filter face velocity shall be between 0,90 and 1,00 m/s with less than 5 % of the recorded flow values
exceeding this range. If the total PM mass exceeds 400 pg on a 46,50 mm filter, the filter face velocity
may be reduced. The face velocity shall be measured as the volumetric flow rate of the sample at the
pressure upstream of the filter and temperature of the filter face, divided by the filter's exposed area.
The exhaust stack or CVS tunnel pressure shall be used for the upstream pressure if the pressure drop
through the PM sampler up to the filter is less than 2 kPa.
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This subclause describes the two environments required to stabilize and weigh PM for gravimetric
analysis: the PM stabilization environment, where filters are stored before weighing; and the weighing
environment, where the balance is located. The two environments may share a common space. Both the
stabilization and the weighing environments shall be kept free of ambient contaminants, such as dust,

dero

sols, or semi-volatile material that could contaminate PM samples.

The cleanliness of the PM-stabilization environment using reference filters shall be verified, as

desc

The

ribed in 9.6.3.4.

shal

s £a] 1. 1 s A Tzl ol 43 loba €118 P2 P
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be maintained to within (295 = 1) K (22 °C £ 1 °C) during all filter conditioning and ws¢

humlidity shall be maintained to a dew point of (282,5 £ 1) K (9,5 °C £ 1 °C) and a relative

459
shal

8.1.]

Whe
cond

a)

b)

8.1.!
A ba

The
0,571

* 8 %. If the stabilization and weighing environments are separate, the stabilization e
be maintained at a tolerance of (295 + 3) K (22 °C + 3 °C).

b.1 Verification of ambient conditions

n using measurement instruments that meet the specifications”in 5.3 the followi
itions shall be verified:

Dew point and ambient temperature shall be recorded. These values shall be used tq
f the stabilization and weighing environments have remained within the tolerances
B.1.5 for at least 60 min before weighing filters.

Atmospheric pressure shall be continuously reeorded within the weighing envir
hcceptable alternative is to use a barometer, that measures atmospheric pressure

hlways at the balance within +100 Pa of the,shared atmospheric pressure. That means t

most recent atmospheric pressure shall’be provided when each PM sample is weighed
chall be used to calculate the PM buoyancy correction in 9.6.3.5.

b.2  Analytical balance

flance shall be used to weighnet PM collected on sample filter media.

minimum requirement on the balance resolution shall be equal or lower than the rep{
hicrogram recomniended in Table 5.

If the balance uses internal calibration weights for routine spanning and linearity verifi

calik

PM
stan|
any

ration weights shall meet the following specifications:

balance\ealibration weights that are certified as international and/or national
dardsstraceable within 0,1 % uncertainty shall be used. Calibration weights may be
calibration lab that maintains international and/or national recognized standards-trg
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unused PM-sample medium. The calibration report shall also state the density of the weights.

The balance shall be configured for optimum settling time and stability at its location.

The balance shall be installed as follows:

a)
b)
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installed on a vibration-isolation platform to isolate it from external noise and vibration;

shielded from convective airflow with a static-dissipating draft shield that is electrically grounded.
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8.1.5.3 Elimination of static electricity effects

Static electric charge shall be minimized in the balance environment, as follows:

a) The balance is electrically grounded.

b) Stainless steel tweezers shall be used if PM samples shall be handled manually.

c) Tweezers shall be grounded with a grounding strap, or a grounding strap shall be provided for the
operator such that the grounding strap shares a common ground with the balance.

d) A static-electricity neutralizer shall be provided that is electrically grounded in common with the
balancg to remove static charge from PM samples.

8.1.5.4 Additional specifications for particulate measurement

All parts of|the dilution system and the sampling system from the exhaust pipe up to, the filter hqlder,
which are in contact with raw and diluted exhaust gas, shall be designed to minimize depositidn or
alteration df the particulates. All parts shall be made of electrically conductive.niaterials that d¢ not
react with gxhaust gas components, and shall be electrically grounded to preventelectrostatic effects.

8.2 Particle number

8.2.1 Sampling

Particle nuber emissions shall be measured by continuous sanmpling from either the raw exhaust gas,
as describefd in 5.2.3 for gaseous emissions, but using a pré-classifier according to 8.1.3, and wjth a
diluter, a pdrtial flow or a full flow dilution system as descyibed in 8.3.2 and 8.3.3.

8.2.1.1 Djluent filtration

Diluent uségd for both the primary and, wherne applicable, secondary dilution of the exhaust in] the
dilution sysftem shall be passed through filterssmeeting the High-Efficiency Particulate Air (HEPA) filter
requirements defined in 8.3.2 and 8.3.3. The diluent may optionally be charcoal scrubbed before Heing
passed to the HEPA filter to reduce and\stabilize the hydrocarbon concentrations in the diluent.|It is
recommended that an additional coarse particle filter is situated before the HEPA filter and after the
charcoal scfubber, if used.

8.2.2 Compensating for particle number sample flow — Full flow dilution systems

To compengate for the mass flow extracted from the dilution system for particle number sampling the
extracted npass flow~(filtered) shall be returned to the dilution system. Alternatively, the total mass
flow in the| dilutienssystem may be mathematically corrected for the particle number sample [flow
extracted. Wherethe total mass flow extracted from the dilution system for the sum of particle number
sampling apd’particulate mass sampling is less than 0,5 % of the total dilute exhaust gas flow i the
dilution tu i i

mdew. , ,

8.2.3 Compensating for particle number sample flow — Partial flow dilution systems

For partial flow dilution systems the mass flow extracted from the dilution system for particle number
sampling shall be accounted for in controlling the proportionality of sampling. This shall be achieved
either by feeding the particle number sample flow back into the dilution system upstream of the flow
measuring device or by mathematical correction as outlined in this subclause. In the case of total
sampling type partial flow dilution systems, the mass flow extracted for particle number sampling
shall also be corrected in the particulate mass calculation as outlined in 8.2.4.
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The instantaneous exhaust gas flow rate into the dilution system (g,,;), used for controlling the
proportionality of sampling, shall be corrected according to one of the following methods:

a) In the case where the extracted particle number sample flow is discarded, Formula (25) in 9.8.6.1
shall be replaced by the following:

Qmp = Amdew ~ Imdw + Dex

(2)

where
7mp is cnmp]n flow of exhaust gas intg pnrfin] flow dilution system, l(gllc;
I mdew 1S diluted exhaust mass flow rate through the PM filter, kg/s;
Imdw 1S dilution air mass flow rate, kg/s;
lox 1S particle number sample mass flow rate, kg/s.

b)

[he q,, signal sent to the partial flow system controller shall be accufate to within 0,1 ¢
h1l times and should be sent with frequency of at least 1 Hz.

n the case where the extracted particle number sample flow-i's fully or partially dis
hn equivalent flow is fed back to the dilution system upstream of the flow measuren

whe

8.2.4
Whs

Formula (25) in 9.8.6.1 shall be replaced by the following:

Imp = Amdew ~ Amdw tex ~ Asw

e
Imp  is sample flow of exhaust gas into-partial flow dilution system, kg/s;

Imdew 1S diluted exhaust mass flow rate through the PM filter, kg/s;

Imdw IS dilution air mass flow-rate, kg/s;

lox IS particle number&arnple mass flow rate, kg/s;

1w  is mass flow rate fed back into dilution tunnel to compensate for particle numn

extraction,kg/s.

[he difference\between q,, and g, sent to the partial flow system controller shall be
within 0,1 %.0f q,,,40, at all times. The signal (or signals) should be sent with frequency of :

Ll  Correction of PM measurement

n-a)particle number sample flow is extracted from a total sampling partial flow diluf

b Of ¢, qew AL

carded, but
hent device,

3

ber sample

accurate to
it least 1 Hz.

ion system,

the mass of particulates (mp);) calculated in ISO 8178-4:2020, 9.2.4.1 shall be corrected as follows to
account for the flow extracted. This correction is required even where filtered extracted flow is fed
back into the partial flow dilution systems.

Mpy corr = Mpym * msed/(msed - mex)

© IS0 2020 - All rights reserved
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where

Mpyy corr 1S Mass of particulates corrected for extraction of particle number sample flow, g/test;
Mpy is mass of particulates determined according to ISO 8178-4:2020, 9.2.4.1, g/test;

is total mass of diluted exhaust gas passing through the dilution tunnel, kg;

is total mass of diluted exhaust gas extracted from the dilution tunnel for particle number
sampling, kg.

of the partipl flow sampling systems are acceptable as long as they provide equivalent results-spgcific
to brake spegcific particulate matter (PM) and particle number (PN).

8.2.5 Prdportionality of partial flow dilution sampling

For particlegnumber measurement, exhaust mass flow rate, determined according t@-any of the methods
described i ISO 8178-4:2020, Clause 9 is used for controlling the partial flow dilution system to tgke a
sample proportional to the exhaust mass flow rate. The quality of proportiondlity shall be checked by
applying a fegression analysis between sample and exhaust flow in accordance with ISO 8178-4:2020,
8.2.1.2.

8.3 Particulate dilution sampling system equipment

8.3.1 General

Figure 8, Figure 9, Annex E and Figure E.1 to Figure E.8 contain detailed descriptions of the custorpary
dilution anfl sampling systems. Since various configlirations can produce equivalent results, gxact
conformande with these figures is not required. Additional components such as instruments, vaflves,
solenoids, pumps and switches may be used to_provide additional information and coordinatg the
functions of the component systems. Other components, which are not needed to maintain the accuracy
on certain dystems, may be excluded if theirexclusion is based upon good engineering judgment.

8.3.2 Parjtial flow dilution systeni

A dilution slystem is described based upon the dilution of a part of the exhaust stream. Splitting of the
exhaust stream and the followinig dilution process may be done by different dilution system types| For
subsequent]collection of theé-particulates, the entire diluted exhaust gas or only a portion of the diluted
exhaust gag is passed tothe particulate sampling system (Figure 10). The first method is referrdd to
as total-sampling type;the second method as fractional-sampling type. The calculation of the dilytion
ratio depenfls uponthe'type of system used. The following three types of systems should be used:

— isokineficsystems;

— flow comtTol SyStenTs Wit COTICEtration MEaSUTeInent;
— flow control systems with flow measurement.

A flow controlled system with flow measurement is described in Figure 8. Examples of other systems
are described in Annex E.

With this system, a sample is taken from the bulk exhaust stream by setting the dilution air flow and
the total diluted exhaust flow. The dilution ratio is determined from the difference of the two flow rates.
Accurate calibration of the flow meters relative to one another is required, since the relative magnitude
of the two flow rates can lead to significant errors at higher dilution ratios (of 15 and above). Flow
control is very straightforward and is maintained by keeping the diluted exhaust flow rate constant
and varying the dilution air flow rate, if needed.
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FC2
b
DAF FM1
R e G g s
|

DT

qm ew

R
L] e

a2 Exhaust.
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¢ Particulate sampling system, see Figure 10.
d  Dilution air.

Figure 8 —~Partial-flow dilution system

Raw]exhaust gas is transferred from-the exhaust pipe EP to the dilution tunnel DT through the sampling
prole SP and the transfer tube-IT: The total flow through the tunnel is adjusted with the floy controller
FC3jand the sampling pump P-of the particulate sampling system (Figure 10). The dilution air flow is
contyolled by the flow controller FC2, which may use q,,,o,, OT q,,.w @a0d q,,,s as command sighals, for the
desired exhaust split. The sample flow into DT is the difference between the total flow and [the dilution
air flow. The dilution-air flow rate is measured with the flow measurement device FM1 apd the total
flow| rate with the‘flow measurement device FM3 of the particulate sampling system (see| Figure 10).
The dilution ratio\s calculated from these two flow rates.

Conlponents.of Figure 8
EP 4 exhaust pipe

The exhaust pipe may be insulated. To reduce the thermal inertia of the exhaust pipe, the thickness-
to-diameter ratio should be 0,015 or less. The use of flexible sections shall be limited to a length-to-
diameter ratio of 12 or less. Bends shall be minimized to reduce inertial deposition. If the system
includes a test bed silencer, the silencer may also be insulated.

SP — sampling probe

Sizing the inside diameter of PM probes to approximate isokinetic sampling at the expected mean flow
rate is recommended. The probe shall be an open tube facing upstream and preferably on the exhaust
pipe centreline and may have a hat-shaped pre-classifier according to 8.1.1 and 8.1.3.

TT — transfer tube

The transfer tube shall meet the criteria as specified in 5.2.1.2 and 8.1.2.
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FC2 — flow controller

A flow controller may be used to control the flow of the pressure blower PB and/or the suction
blower SB. It may be connected to the exhaust, intake air or fuel flow signals and/or to the CO, or NO,

differential

signals.

When using a pressurized air supply, FC2 directly controls the air flow.

FM1 — flow measurement device

Gas meter or other flow instrumentation to measure the dilution air flow. FM1 is optional if the pressure
blower PB is calibrated to measure the flow,

DAF — dily

The dilutio
(HEPA) filtg

DT — dilut

The dilution tunnel

shall bg
flow co

shall bd

may be
heating
in the d

may be

The engine
the mixing
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8.3.3 Ful

For subseq
particulate

tion air filter

L air (ambient air, purified air, or nitrogen) shall be filtered with a high-efficienicy PN

=
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nditions;
constructed of stainless steel;

heated to no greater than 52 °C wall temperature by direct heating or by dilution air
, provided the air temperature does not exceed 52 °C prior to the introduction of the exh
ilution tunnel;

insulated.

exhaust shall be thoroughly mixed-with the dilution air. For fractional-sampling syst
quality shall be checked after intreduction into service by means of a CO, profile o
the engine running (at least four’equally spaced measuring points). If necessary, a mi
be used.

|-flow dilution system

ient collection of 'the particulates, a sample of the dilute exhaust gas is passed tg
sampling system(see Figure 10 and Figure 11). If this is done directly, it is referred {

single dilut
as double d

dilution. Although partly a dilution system, the double-dilution system is described as a modificati

on. If the sample is diluted once more in the secondary dilution tunnel, it is referrg
lution. This-is useful if the filter face temperature requirement cannot be met with s

1 air
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a particulate sampling system in Figure 11, since it shares most of the parts with a typical particiilate

sampling system.

54

© IS0 2020 - All rights res

erved


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-

1:2020(E)

NOTE: SCHEMATIC REPRESENTATION ONLY.

EXACT CONFIRMATION WITH THIS

SCHEMATIC DRAWING IS NOT REQUIRED

[ ~—
; ZERO/SPAN GAS D o—
| S g HFID " BACKGROUND BAG | |
S IANALYZER| ! !
i o8 iCRITICAL iépo% VENTURI |
3 —————— .
133 | [ CONTINUOUS MEASUREMENT | ! :
| g = | i (HEATED SAMPLE LINE) | OR |
19 | H‘— NOx, CO, CO, | ! !
Ii&_ JJ . Analyzer _, | | ~_  — B |
. = | P e
E | | | ” || HEATED EXCHANGER | SUB-SONJC VENTURI |
o | (L | | .l (OPTIONAL FOR CFV, S5V) | ($sv) |
= i -
g U DILU(:)FION TUNNEL = | : PR ;
5 I | |
= _ MIXING ORIFICE o __HEPA___| | {} |
!_ ENGINE AR | : POSITIVE DIISPLACEMENT:
En IONALLY: EXHAUST NGLE DILUTIC , PUMP (PDP) J
3

The
dilut
criti
for p
is ba

EP -

The

trea
then
thicl
shal
iner

00STER |

cal-flow venturi (CFV). A heat exchanger (HE) or electronic flow compensation (EFC) 1
roportional particulatesampling and for flow determination. Since particulate mass de
sed on the total diluted exhaust gas flow, it is not necessary to calculate the dilution raf

- exhaust pipe

exhaust pipélength from the exit of the engine exhaust manifold, turbocharger out
ment deyvigéto the dilution tunnel shall be not more than 10 m. If the system exceeds 4
all tubing/in excess of 4 m shall be insulated, except for an in-line smoke meter, if used
kness\of'the insulation shall be at least 25 mm. The thermal conductivity of the insulati
have a value no greater than 0,1 W/(m-K) measured at 673 K (400 °C). To reduce {

r" I LEGEND
= B
2 - <X, CONTAMINAT FILTER CYCLONIE SEPARATOR
x5 ” S a I
EE £ £ NS | B AR @ PARTICULATE FILTER () FLOW METER
2> |l < EE = N
25 g2 £ Fa,yo Eyt | X+ CONTROL VALVE () PNEUMATIC PUMP
SR 5 HeE T3 & || < SAMPLING BAG ©- FAN/BLJWER
~ S &) = || D < =) ) I
5 H—

=5 e ' N
e ————— ST Ty T——="T e— _I

Figure 9 — Eull-flow dilution system
total amount of raw exhaust gas)is mixed in the dilution tunnel (DT) with the dilution air. The
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sections shall be limited to a length-to-diameter ratio of 12 or less.

PDP

— positive displacement pump

The PDP meters total diluted exhaust flow from the number of pump revolutions and the pump
displacement. The exhaust system backpressure shall not be artificially lowered by the PDP or dilution
air inlet system. Static exhaust backpressure measured with the PDP system operating shall remain
within +1,5 kPa of the static pressure measured without connection to the PDP at identical engine
speed and load. The gas mixture temperature immediately ahead of the PDP shall be within +6 °C of
the average operating temperature observed during the test, when no flow compensation is used. Flow
compensation can only be used if the temperature at the inlet to the PDP does not exceed 50 °C.

CFV

— critical flow venturi

© IS0 2020 - All rights reserved
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CFV measures total diluted exhaust flow by maintaining the flow at choked conditions (critical flow).
Static exhaust backpressure measured with the CFV system operating shall remain within +1,5 kPa of
the static pressure measured without connection to the CFV at identical engine speed and load. The
gas mixture temperature immediately ahead of the CFV shall be within #11 °C of the average operating
temperature observed during the test, when no flow compensation is used.

SSV — subsonic venturi

SSV measures total diluted exhaust flow by using the gas flow of a subsonic venturi as a function of
inlet pressure and temperature and pressure drop between venturi inlet and throat. Static exhaust
backpressure measured with the SSV system operatlng shall remain w1th1n +1,5 kPa of the statlc
pressure mga §

temperaturg 1mmed1ately ahead of the SSV shall be W1th1n +11 °C of the average operatmg temperature
observed diiring the test, when no flow compensation is used.

HE — heatexchanger (optional, if EFC is used)

The heat ekchanger shall be of sufficient capacity to maintain the temperature within the limits
required above.

EFC — eledtronic flow compensation (optional, if HE is used)

If the tempprature at the inlet to either the PDP or CFV is not kept within the limits stated aboye, a
flow compensation system is required for continuous measurement-0f the flow rate and control of the
proportional sampling in the particulate system. For that purpose; the continuously measured [flow
rate signalg are used accordingly to correct the sample flow rate'through the particulate filters of the
particulate sampling system (see Figure 10 and Figure 11).

DT — dilutiion tunnel
The dilution tunnel

— shall bg small enough in diameter to causesturbulent flow (Reynolds Number greater than 4 P00)
and of gufficient length to cause completésmixing of the exhaust and dilution air - a mixing oififice
may belused;

— shall bg atleast 75 mm in diameter;
— may belinsulated.

The engine|exhaust shall be ditected downstream at the point where it is introduced into the dilytion
tunnel, andfthoroughly mjxed’

When using single dilution, a sample from the dilution tunnel is transferred to the particulate sampling
system (Figure 10)8The flow capacity of the PDP or CFV shall be sufficient to maintain the diluted
exhaust at 4 temperature between 42 °C and 52 °C immediately before the particulate filter.

When using @ouble dilution, a sample from the dilution tunnel is transferred to the secondary dilytion
tunnel where it is further diluted, and then passed through the sampling filters (Figure 1T). The flow
capacity of the PDP or CFV shall be sufficient to maintain the diluted exhaust stream in the DT at a
temperature of less than or equal to 191 °C at the sampling zone. The secondary dilution system shall
provide sufficient secondary dilution air to maintain the doubly diluted exhaust stream at a temperature
between 42 °C and 52 °C immediately before the particulate filter.

DAF — dilution air filter

The dilution air (ambient air, purified air, or nitrogen) shall be filtered with a high-efficiency PM air
(HEPA) filter.

PSP — particulate sampling probe
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The probe is the leading section of PTT and

shall be installed facing upstream at a point where the dilution air and exhaust gases are well

mixed, i.e. on the dilution tunnel DT centreline of the dilution systems (see 8.3.2, 8.3.3 and
Annex E), approximately 10 tunnel diameters downstream of the point where the exhaust enters
the dilution tunnel;

should have an inside diameter to approximate isokinetic sampling at the expected mean flow rate;

may be heated to no greater than 52 °C wall temperature by direct heating or by dilution air pre-

heating, provided the air temperature does not exceed 52 °C prior to the introduction of the exhaust

8.3.4
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kionally some dilution features, like a dilution airs@pply and a secondary dilution tunn

ntho Ao 1000l
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may be insulated.

l  Particulate sampling system

particulate sampling system is required for collecting the particulates-on the particul
tase of total sampling partial-flow dilution, which consists of passing the entire dilu
ble through the filters, the dilution (see Figure E.4) and sampling systéms usually form
In the case of fractional sampling partial-flow dilution or full-flow dilution, which

ate filter. In

ed exhaust
an integral
consists of

ing through the filters only a portion of the diluted exhaust,the dilution (Figures 8, 9,
3 and E.5 to E.8) and sampling systems usually form different units. In this document,
ion system (Figure 11) of a full-flow dilution system is considered to be a specific n
typical particulate sampling system as shown in Figiiare 10. The double-dilution syst
mportant parts of the particulate sampling systent; like filter holders and sampling|

der to avoid any impact on the control loops;the sample pump should be running thr
blete test procedure. For the single-filter_method, a bypass system shall be used for
ble through the sampling filters at the desired times. Interference of the switching pj
ontrol loops shall be minimized.

a

FM3

From dilution tunnel DT (see Figures 9 and E.1 to E.8).

Figure 10 — Particulate sampling system
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A sample of the diluted exhaust gas is taken from the dilution tunnel DT of a partial-flow or full-flow
dilution system through the particulate sampling probe PSP and the particulate transfer tube PTT by

means of the sampling pump P. The sample is passed through the filter holder(s) FH that contain the
particulate sampling filters. The sample flow rate is controlled by the flow controller FC3. If electronic
flow compensation EFC (see Figure 9) is used, the diluted exhaust gas flow is used as command signal

for FC3.

Vent.
Dilution

Figure

A sample o
system thr

secondary dlilution tunnel SDT, where it is diluted once;more. The sample is then passed through

filter holde
constant w
compensati
for FC3.

Componen
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(see8.3
enters {

From dijution tunnel DT (see Figure 9).
Optional.

air
11 — Secondary dilution and particulate sampling system (full-flow system only]

 the diluted exhaust gas is transferred from the @ilution tunnel DT of a full-flow dily
bugh the particulate sampling probe PSP and‘the particulate transfer tube PTT tg

(s) FH that contain the particulate sampling filters. The dilution air flow rate is usy
hereas the sample flow rate is controlted by the flow controller FC3. If electronic

Es of Figure 10 and Figure 11

[iculate sampling probe

e PTT.
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.2 and8:3.3), approximately 10 tunnel diameters downstream of the point where the exh
heAdiltition tunnel;
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pn EFC (see Figure 9) is used, the total diluted exhaust gas flow is used as command signal

late sampling probé, not shown in the figures, is the leading section of the partictilate
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ate;

may be heated to no greater than 52 °C wall temperature by direct heating or by dilution air

pre-heating, provided the air temperature does not exceed 52 °C prior to the introduction of the
exhaust into the dilution tunnel;

may be
PTT — par

The transfe

insulated.
ticulate transfer tube

r tube shall meet the criteria as specified in 5.2.1.2 and 8.1.2.

SDT — secondary dilution tunnel (Figure 11 only)
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The secondary dilution tunnel should have a minimum diameter of 75 mm, and should be of sufficient
length so as to provide a residence time of at least 0,25 s for the doubly diluted sample. The primary
filter holder FH shall be located within 300 mm of the exit of the SDT.

The secondary dilution tunnel

— may be heated to no greater than 52 °C wall temperature by direct heating or by dilution air
pre-heating, provided the air temperature does not exceed 52 °C prior to the introduction of the
exhaust into the dilution tunnel;

— may be insulated.

FH + filter holder
The filter holder

— Fbhallhave a 12,5° (from centre) divergent cone angle to a stainless-steel transijtion from the transfer-
ine inside diameter to the exposed diameter of the filter face to minimize turbulent deposition and
Lo deposit PM evenly on a filter

— may be heated to no greater than 52 °C wall temperature by direct heating or by [dilution air
pre-heating, provided the air temperature does not exceed 52 2C prior to the introdufction of the
exhaust into the dilution tunnel;

— may be insulated;
P —[sampling pump

The particulate sampling pump shall be located sufficiently distant from the tunnel so that the inlet gas
temperature is maintained constant (3 °C), if flow correction by FC3 is not used.

DP + dilution air pump (Figure 11 only)

The dilution air pump shall be located so'that the secondary dilution air is supplied at a temjperature of
25°C +5°C.

FC3|— flow controller

A flgw controller shall be used’'to compensate the particulate sample flow rate for tempg¢rature and
baclpressure variations in the sample path, if no other means are available. The flow dontroller is
required if electronic flowcompensation EFC (see Figure 9) is used.

FM3 — flow measurement device

The [gas meter \or flow instrumentation for the particulate sample flow shall be located |sufficiently
distgnt from.the sampling pump P so that the inlet gas temperature remains constant (3 °C), if flow
correctiofrby FC3 is not used.

FM4 —flow measurement device (Figure 11 only)

The gas meter or flow instrumentation for the dilution air flow shall be located so that the inlet gas
temperature is maintained constant (+3 °C).

BV — ball valve (optional)

The ball valve shall have an inside diameter not less than the inside diameter of the particulate transfer
tube PTT, and a switching time of less than 0,5 s.

If the ambient temperature in the vicinity of PSP, PTT, SDT and FH is below 20 °C, precautions should
be taken to avoid particle losses on to the cool wall of these parts. Therefore, heating and/or insulating
these parts within the limits given in the respective descriptions is recommended.
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At high engine loads, the above parts may be cooled by a non-aggressive means such as a circulating

fan, as long

8.4 Parti

8.4.1 Syst

as the temperature of the cooling medium is not below 15 °C.
cle number measurement equipment

em overview

The particle sampling system shall consist of a probe or sampling point extracting a sample from a
homogenously mixed flow in a dilution system as described in 8.3.2 and 8.3.3, a volatile particle

remover (V

[t is recomn
inlet of the
that shown
of partial fl
particle nur
of the pre-c
sample fror

8.4.2 General requirements

The particlg
raw gas str

The sampli
the particle
undiluted e

The VPR sh

All parts of]
are in cont
particles. A
component

The particle sampling system shall _ihcorporate good aerosol sampling practice that includes

avoidance d
and the mi

permissiblg.

8.4.3 Spd
The particlg
A sample py

PR) upstream of a particle number counter (PNC) and suitable transfer tubing.

VPR. However, a sample probe acting as an appropriate size-classification devige; suc
in Figure 7, is an acceptable alternative to the use of a particle size pre-classifier. In the
pw dilution systems it is acceptable to use the same pre-classifier for particulate masg
hber sampling, extracting the particle number sample from the dilution systém downstr
assifier. Alternatively, separate pre-classifiers may be used, extractingthe particle nu
h the dilution system upstream of the particulate mass pre-classifier:

sampling point shall be located within a dilution system af'may optionally be located i1
bam.

g probe tip or particle sampling point and particle‘transfer tube (PTT) together com
transfer system (PTS). The PTS conducts the sample from the dilution tunnel or fro
khaust stream to the entrance of the particle number measurement device.

hll include devices for sample dilution and fer'volatile particle removal.

the dilution system and the sampling system from the exhaust pipe up to the PNC, w
act with raw and diluted exhaust(gas, shall be designed to minimize deposition o
| parts shall be made of electrically conductive materials that do not react with exhaus
5, and shall be electrically grounded to prevent electrostatic effects.

f sharp bends and abrupt changes in cross-paragraph, the use of smooth internal surf
himisation of the length of the sampling line. Gradual changes in the cross-section

cific requirements
sampleshall not pass through a pump before passing through the PNC.

e-Classifier is recommended.

nended that a particle size pre-classifier (e.g. cyclone, impactor, etc.) be located priof: t(l) the

h as
case
and
eam
nber

n the

rise
the

hich
[ the
[ gas

the
aces
are

8.4.3.1 Requirements for the sample preconditioning unit

The sample

preconditioning unit shall:

be capable of diluting the sample in one or more stages to achieve a particle number concentration

below the upper threshold of the single particle count mode of the PNC and a gas temperature below
35 °C at the inlet to the PNC;

<400 °C, and dilutes by a factor of at least 10;

include an initial heated dilution stage which outputs a sample at a temperature of 2150 °C and

control heated stages to constant nominal operating temperatures, within the range specified in

this subclause, to a tolerance of +10 °C; provide an indication of whether or not heated stages are at
their correct operating temperatures;
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— achieve a particle concentration reduction factor (f.(d,)), as defined in 9.7.2 below, for particles of
30 nm and 50 nm electrical mobility diameters, that is no more than 30 % and 20 % respectively
higher, and no more than 5 % lower than that for particles of 100 nm electrical mobility diameter
for the VPR as a whole;

— also achieve >99,0 % vaporisation of 30 nm tetracontane (CH3(CH,);5CH3) particles, with an inlet
concentration of =10 000 cm~3, by means of heating and reduction of partial pressures of the
tetracontane.

8.4.3.2 Requirements for the PNC

The PNC shall:
— pperate under full flow operating conditions;

— have a counting accuracy of +10 % across the range 1 cm™3 to the upper ghreshold df the single
particle count mode of the PNC against a traceable standard. At conceptrations below 100 cm=3
measurements averaged over extended sampling periods may be reguired to demdnstrate the
hccuracy of the PNC with a high degree of statistical confidence;

— have a readability of at least 0,1 particle cm=3 at concentrations below 100 cm™3;

— have alinear response to particle concentrations over the fullmeasurement range in single particle
rount mode;

— have a data reporting frequency equal to or greater thah 0,5 Hz;
— have a tg, response time over the measured con¢éntration range of less than 5 s;

— |ncorporate a coincidence correction function,up to a maximum 10 % correction, and may make use
pf an internal calibration factor as determined in 9.7.1, but shall not make use of any othgr algorithm
Lo correct for or define the counting efficiency;

— have counting efficiencies at particle’sizes of 23 nm (*1 nm) and 41 nm (*1 nm) electrigal mobility
diameter of 50 % (£12 %) and %90 % respectively. These counting efficiencies may be achieved
by internal (for example; control of instrument design) or external (for examplg; size pre-
Classification) means;

If the PNC makes use of a worKing liquid, it shall be replaced at the frequency specified by thelinstrument
manufacturer.

Where they are not held at a known constant level at the point at which PNC flow rate is controlled, the
pressure and/or‘temperature at inlet to the PNC shall be measured and reported for the purposes of
corrpcting particle concentration measurements to standard conditions.

The pum @f-the residence time of the PTS, VPR and OT plus the tq, response time of the PN( shall be no
grealter than 20 s.

The transformation time of the entire particle number sampling system (PTS, VPR, OT and PNC) shall
be determined by aerosol switching directly at the inlet of the PTS. The aerosol switching shall be done
in less than 0,1 s. The aerosol used for the test shall cause a concentration change of at least 60 % full
scale (FS).

The concentration trace shall be recorded. For time alignment of the particle number concentration
and exhaust flow signals, the transformation time is defined as the time from the change (¢,) until the
response is 50 % of the final reading (¢5).

8.4.4 Typical system description

The following subclause contains the typical practice for measurement of particle number. However,
any system meeting the performance specifications in 8.4.2 and 8.4.3 is acceptable.
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Figures 12 to 14 are schematic drawings of the typical particle sampling system configures for partial
flow dilution, full flow dilution and raw sampling systems respectively.

| 3
\ 2 [ ]
4 52
Key
1 excess air 4  from engine exhaust
2 filtered dir 5 make-up:air
3  cyclone a  Alterndtively, the control software might account for the

flowfémoved by the PN system.

Figufre 12 — Schematic of typical particle sampling system — Partial flow sampling
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Key

1 ¢xcess air 5->LEPA

2 filtered air 6 HEPA

3 ¢yclone 7  flow direction

4  3ct. carbon 8 from engine exhaust

Figure 13 — Schematic'of typical particle sampling system — Full flow sampljng
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1 excessajr
2 filtered qir

3 pre-claskifier or sample probe according to Figure 7
4  from engine exhaust

a  QOptional.
b In case g pre-classifier is used, it can be installed everywhere'upstream of PND;.

Figure 14 — Schematic of typical particle sampling system — Raw sampling

8.4.4.1 Sampling system description

The particl¢ sampling system shall cansist of a sampling probe tip or particle sampling point in the raw
exhaust or flilution system, a particle transfer tube (PTT), a particle pre-classifier (PCF) and a volatile
particle remover (VPR) upstream)of the particle number concentration measurement (PNC) unit| The
VPR shall ifjclude devices for sample dilution (particle number diluters: PND 1 and PND 2) and pafjticle
evaporation (Evaporationtube, ET).

The sampling probe orsampling point for the test gas flow shall be so arranged within the raw exhaust
or dilution fract that a'representative sample gas flow is taken from a homogeneous diluent/exhaust
mixture. THe sum af'the residence time of the system plus the tq, response time of the PNC shall He no
greater thap 20.s!

8.4.4.2 Particle transfer system

8.4.4.2.1 Diluted particle sampling

In the case of full flow dilution systems and partial flow dilution systems of the fractional sampling
type (as described in 8.3.2 and 8.3.3) the sampling probe shall be installed near the tunnel centre line,
10 to 20 tunnel diameters downstream of the gas inlet, facing upstream into the tunnel gas flow with
its axis at the tip parallel to that of the dilution tunnel. The sampling probe shall be positioned within
the dilution tract so that the sample is taken from a homogeneous diluent/exhaust mixture.

In the case of partial flow dilution systems of the total sampling type (as described in 8.3.2) the
particle sampling point or sampling probe shall be located in the particulate transfer tube, upstream
of the particulate filter holder, flow measurement device and any sample/bypass bifurcation point. The
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sampling point or sampling probe shall be positioned so that the sample is taken from a homogeneous
diluent/exhaust mixture. The dimensions of the particle sampling probe should be sized not to interfere
with the operation of the partial flow dilution system.

Sample gas drawn through the PTS shall meet the following conditions:
— In the case of full flow dilution systems, it shall have a flow Reynolds number (Re) of <1 700.

— In the case of partial flow dilution systems, it shall have a flow Reynolds number (Re) of <1 700 in
the PTT i.e. downstream of the sampling probe or point.

— Jtshall have a residence time in the PTS of <3 s

Any jother sampling configuration for the PTS for which equivalent particle penetration@t3p nm can be
dempnstrated will be considered acceptable.

The putlet tube (OT) conducting the diluted sample from the VPR to the inlet of thie PNC shall have the
following properties:

— [t shall have an internal diameter of 24 mm.
— Pample Gas flow through the OT shall have a residence time of <Q,8s.

Any [other sampling configuration for the OT for which equivalefit particle penetration at 3 nm can be
dempnstrated will be considered acceptable.

8.4.4.2.2 Raw particle sampling

The dimension of the particle sampling probe shall be'sized not to interfere with the operatiion of other
exhdust gas measurement instruments.

The [particle number counting system may include a primary dilution stage in order to maintain the
tempperature within the limits specified by the manufacturer of the device.

Partficle number concentration is not'a conserved quantity like particulate mass. Therefore, PN
meapurements strongly depend on sample location and sampling method due to e.g. coagulation and
diffysion effects. As an alternative‘to diluted particle sampling, raw particle sampling can He applied, if
agreled by the parties involved.

It sHould be noted that (PN results determined with raw particle sampling will not negessarily be
comparable to PN results’determined with diluted particle sampling.

8.4.4.3 Particlepre-classifier

article pre-classifier is recommended and if used, it shall be located upstream of the VER. The pre-

etric flow

2 : : agth hrough-the-exit of the pre-
cla551f1er at the Volumetrlc flow rate selected for sampling partlcle number emissions. In the case of
partial flow dilution systems, it is acceptable to use the same pre-classifier for particulate mass and
particle number sampling, extracting the particle number sample from the dilution system downstream
of the pre-classifier. Alternatively, separate pre-classifiers may be used, extracting the particle number
sample from the dilution system upstream of the particulate mass pre-classifier.

8.4.4.4 Volatile particle remover (VPR)

The VPR shall comprise one particle number diluter (PND 1), an evaporation tube and a second diluter
(PND 2) in series. This dilution function is to reduce the number concentration of the sample entering
the particle concentration measurement unit to less than the upper threshold of the single particle count
mode of the PNC and to suppress nucleation within the sample. The VPR shall provide an indication of
whether or not PND 1 and the evaporation tube are at their correct operating temperatures.
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The VPR shall achieve >99,0 % vaporisation of 30 nm tetracontane (CH;(CH,);5CH3) particles, with
an inlet concentration of >10 000 cm™3, by means of heating and reduction of partial pressures of the
tetracontane. It shall also achieve a particle concentration reduction factor (f,) for particles of 30 nm and
50 nm electrical mobility diameters, that is no more than 30 % and 20 % respectively higher, and no more
than 5 % lower than that for particles of 100 nm electrical mobility diameter for the VPR as a whole.

8.4.4.5 First particle number dilution device (PND 1)

The first particle number dilution device shall be specifically designed to dilute particle number
concentration and operate ata (wall) temperature of 150 °C to 400 °C The wall temperature set point
should be hg 2 e, Wi

and not exeed the wall temperature of the ET (8.4.4.6 44 6). The dlluter should be supphed witl HEPA
filtered dilytion air and be capable of a dilution factor of 10 to 200 times.

8.4.4.6 Eyaporation tube (ET)

The entire length of the ET shall be controlled to a wall temperature greater than or equal to that of
the first pafticle number dilution device and the wall temperature held at a fixed"nominal opergating
temperaturfe between 300 °C and 400 °C, to a tolerance of £10 °C.

8.4.4.7 Second particle number dilution device (PND 2)

PND 2 shall be specifically designed to dilute particle number concentration. The diluter shall be
supplied with HEPA filtered dilution air and be capable of maintaining a single dilution factor within
a range of 10 to 30 times. The dilution factor of PND 2 shall be‘selected in the range between 10| and
15 such thgt particle number concentration downstream of-the second diluter is less than the upper
threshold of the single particle count mode of the PNC and*‘the gas temperature prior to entry t¢ the
PNC is <35 {C.

8.4.4.8 Particle number counter (PNC)

The PNC shall meet the requirements of 8.4.3:2:
9 Calibrnation and verification

9.1 Calibration and performance checks

9.1.1 GeJeral

This subclguse describies required calibrations and verifications of measurement systems. See| 5.3,
Clause 6 anfl 7.3 ferspecifications that apply to individual instruments.

Calibration$ er verifications shall be generally performed over the complete measurement chain.

If a calibration or verification for a portion of a measurement system is not specified, that portion
of the system shall be calibrated and its performance verified at a frequency consistent with any
recommendations from the measurement system manufacturer and consistent with good engineering
judgment.

Internationally recognized-traceable standards shall be used to meet the tolerances specified for
calibrations and verifications.

9.1.2 Summary of calibration and verification

Table 6 summarizes the calibrations and verifications described in Clause 9 and indicates when these
have to be performed.
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Type of calibration or verification

Minimum frequency?

9.1.3: Accuracy, repeatability and noise

Accuracy: Not required, but advised for initial install

Repeatability: Not required, but advised for initial installation.

Noise: Not required, but advised for initial installation.

ation.

9.1.4: Linearity verification

Speed: Upon initial installation, within 370 days before testing and

after major maintenance.

Torque: Upon initial installation, within 370 days before testing

oo e THo e o et

Intake-air, dilution air, diluted exhaust flows and b4
flow rates: Upon initial installation, within 370-days b
and after major maintenance, unless flow is‘verified
check or by carbon or oxygen balance.

Raw exhaust flow: Upon initial installation, within 181
testing and after major maintenance, unless flow is
propane check or by carbon or oxygen balance.

Gas dividers: Upon initial installation, within 370
testing, and after major mdintenance.

Gas analysers (unless/otherwise noted): Upon initial
within 35 days before testing and after major maintg

FTIR analyser: Upon initial installation, within 370
testing and after major maintenance.

PM balance:Upon initial installation, within 370 days b|
and aftér*major maintenance.

Stand-alone pressure, temperature, and dew point:
installation, within 370 days before testing and after
ténance.

tch sampler
pfore testing
by propane

days before
verified by

days before
installation,
nance.

days before

efore testing

Upon initial
major main-

9.1.3: Continuous gas analyser system re-
spomse and updating-recording verification -
as analysers not continuously dempen-

d for other gas species

Upon initial installation or after system modification that would

affect response.

9.1.6: Continuous gas analysersystem re-
spomse and updating-recording verification -

Upon initial installation or after system modification that would

affect response.

for gas analysers continuously compensated

for qther gas species

9.9.1: Torque Upon initial installation and after major maintenancg.
9.10f Pressure;temperature, dew point Upon initial installation and after major maintenancg.
9.1111: Fuelflow Upon initial installation and after major maintenancg.
9.11{2: Intake flow Upon initial installation and after major maintenancg.
9.11L3:<Exhanst flow Hprm initialinstallation and after major maintenance.
9.8: Diluted exhaust flow (CVS and PFD) Upon initial installation and after major maintenance.

5: CVS/PFD and batch sampler verificationb

Upon initial installation, within 35 days before testing, and after
major maintenance. (Propane check)

9.8.5.8: Sample Dryer verification

For thermal chillers: upon installation and after major mainte-
nance. For osmotic membranes; upon installation, within 35 days
of testing and after major maintenance

)

and good engineering judgment.
b
oxygen of the intake air, fuel, and diluted exhaust.

defined in 9.7.

Perform calibrations and verifications more frequently, according to measurement system manufacturer instructions
The CVS verification is not required for systems that agree within +2 % based on a chemical balance of carbon or

NOTE Calibration and verification frequency of the particle number counting system is not referenced in this table but
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Table 6 (continued)

Type of calibration or verification

Minimum frequency?

9.3: Vacuum

leak

Upon installation of the sampling system. Before each labora
test according to 5.1: within 8 hours before the start of the

tory
first

test interval of each duty cycle sequence, after maintenance such

as pre-filter changes.

9.5.8.1: CO, NDIR H,0 interference

Upon initial installation and after major maintenance.

9.5.8.2: CO NDIR CO, and H,0 interference

Upon initial installation and after major maintenance.

9.5: FID calibration

Calibrate all FID analysers: upon initial installation, and after major

THC

THCFID opt

mization and THC FID verification

ulaiutcuauuc. Oyt;lllibc, aud dUtCl lll;LlC CH4 I CDPUIIDC fUl thc
FID analysers. Verify CH, response for the THC FID andlyy
upon initial installation, within 185 days before testing;and :
major maintenance.

ers:
fter

major maintenance.

9.5.6: Raw ejxhaust FID O, interference For all FID analysers: upon initial installation,-and after major
maintenance.
For THC FID analysers: upon initial installation, after major njain-
tenance, and after
FID optimization according to 9.5.

9.5.7: Non-njethane cutter penetration Upon initial installation, within 185 days before testing, and gfter
major maintenance.

9.5.9.1: CLD|CO, and H,0 quench Upon initial installation and/after major maintenance.

9.5.9.2: NDUV HC and H,0 interference Upon initial installation and after major maintenance.

9.5.9.3: Cooljng bath NO, penetration (chiller) | Upon initial installation and after major maintenance.

9.5.9.4: Interference verification for SO, Upon initial installation and after major maintenance.

NDIR or FTIR analysers

9.5.9.5: Crogs-interference check compensa- |Upon initialinstallation and after major maintenance.

tion for NH;channels using IR and UV

9.5.9.6: N,OJanalyser interference Uponinitial installation and after major maintenance.

9.5.9.7: Intexference verification for NO, laser|Uppn initial installation and after major maintenance.

infrared anglysers

9.4: NO,-to-NO converter conversion Upon initial installation, within 35 days before testing, and 3fter

9.6.3: PM ballance and weighing

Independent verification: upon initial installation, within 370
before testing, and after major maintenance.

Zero, span, and reference sample verifications: within 12 hou
weighing, and after major maintenance.

Hays

rs of

a  Perform

and good eng]

b The CVS
oxygen of the

calibrations-afid verifications more frequently, according to measurement system manufacturer instruc
ineering judgment.

verification is not required for systems that agree within +2 % based on a chemical balance of carb

inmtake air, fuel, and diluted exhaust.

ions

n or

defined in 9.7.

NOTE Calibration and verification frequency of the particle number counting system is not referenced in this table but

9.1.3 Verifications for accuracy, repeatability, and noise

The performance values for individual instruments specified in Table 5 are the basis for the
determination of the accuracy, repeatability, and noise of an instrument.

It is not required to verify instrument accuracy, repeatability, or noise. However, it may be useful to
consider these verifications to define a specification for a new instrument, to verify the performance of
a new instrument upon delivery, or to troubleshoot an existing instrument.
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9.1.4 Linearity check

9.1.4.1 Scope and frequency

1:2020(E)

A linearity verification shall be performed on each measurement system listed in Table 7 at
least as frequently as indicated in the table, consistent with measurement system manufacturer
recommendations and good engineering judgment. The intent of a linearity verification is to determine
that a measurement system responds proportionally over the measurement range of interest. A linearity
verification shall consist of introducing a series of at least 10 reference values to a measurement system,
unless otherwise specified. The measurement system quantifies each reference value. The measured

valu
and

9.1.

Ifa
be c
shal
lined

9.1.4
The

a)
b)

d)

he linearity criteria specified in Table 7 of this paragraph.

.2 Performance requirements

easurement system does not meet the applicable linearity criteria in Tablé-7, the defi
brrected by re-calibrating, servicing, or replacing components as needed. The linearity

rity criteria.

.3 Procedure
following linearity verification protocol shall be used:
A measurement system shall be operated at its specified temperatures, pressures, and

The instrument shall be zeroed as it would before.an emission test by introducing a zer
bas analysers, a zero gas shall be used that meets the specifications of 9.2 and it shall b
Hirectly at the analyser port.

Che instrument shall be spanned as_it would before an emission test by introducing a
For gas analysers, a span gas shall be used that meets the specifications of 9.2 and
ntroduced directly at the analyserport.

After spanning the instrument, zero shall be checked with the same signal which has beg
bf this subclause. Based ofi the zero reading, good engineering judgment shall be used t
iwhether or not to re-zera.and or re-span the instrument before proceeding to the next g

be used to select’the reference values, y,.g, that cover the full range of values that a
Huring emission testing, thus avoiding the need of extrapolation beyond these val
eference_sighal shall be selected as one of the reference values of the linearity verif
stand-alone pressure and temperature linearity verifications, at least three reference
be selected. For all other linearity verifications, at least ten reference values shall be se

regression

ciency shall
verification

be repeated after correcting the deficiency to ensure that the measurement systemp meets the

Flows.

b signal. For
introduced

span signal.
it shall be

nused in b)
b determine
tep.

For all measured quantities manufacturer recommendations and good engineering judgment shall

e expected
ues. A zero
ication. For
values shall
ected.

ed to select

f)

nstrument manufacturer recommendations and good engineering judgment shall be us

the order in which the series of reference values will be introduced.

g)

Reference quantities shall be generated and introduced as described in 9.1.4.4. For gas analysers,

gas concentrations known to be within the specifications of 9.2 shall be used and they shall be
introduced directly at the analyser port.

h)

measured for 30 s and the arithmetic mean of the recorded values, y; be recorded.

j)

© IS0 2020 - All rights reserved

Time for the instrument to stabilize while it measures the reference value shall be allowed.

At arecording frequency of at least the minimum recording frequency, the reference value shall be

Steps in g) through i) of this subclause shall be repeated until all reference quantities are measured.
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k) The arithmetic means y;, and reference values, y,..g;, shall be used to calculate least-squares linear
regression parameters and statistical values to compare to the minimum performance criteria

specifie

d in Table 7. The calculations described in Annex D shall be used.

9.1.4.4 Reference signals

This subclause describes methods for generating reference values for the linearity-verification
protocol in 9.1.4.3. Reference values shall be used that simulate actual values, or an actual value shall

be introduced and measured with a reference-measurement system. In the latter case, the reference
value is the value reported by the reference-measurement system. Reference values and reference-

measurement SyStems sitatt be internationatty traceabte:

For temperfture measurement systems with sensors like thermocouples, RTDs, and thermistets| the

linearity verification may be performed by removing the sensor from the system and using a simulatpr in

its place. A $imulator that is independently calibrated and cold junction compensated, as-necessary ghall
be used. THe internationally traceable simulator uncertainty scaled to temperature Shall be less fhan

0,5 % of mgximum operating temperature T, .. If this option is used, it is necessany.to use sensors|that

the supplier|states are accurate to better than 0,5 % of T, compared to their standard calibration cfirve.

9.1.4.5 Measurement systems that require linearity verification

Table 7 indicates measurement systems that require linearity verifications. For this table the folloywing

provisions apply:

a) A linegrity verification shall be performed more frequently if the instrument manufacturer
recommends it or based on good engineering judgment.

b) "min" refers to the minimum reference value used duting the linearity verification.

Note that this value may be zero or a negative value depending on the signal.

c) "max" generally refers to the maximum reference value used during the linearity verification| For
example for gas dividers, x,,,, is the undivided, undiluted, span gas concentration. The folloying
are spefial cases where "max" refers to a different value:

1) for[PM balance linearity verification, m,,, refers to the typical mass of a PM filter;
2) forftorque linearity verification, T, ,, refers to the manufacturer's specified engine torque peak
valpe of the highest torque engine to be tested;

d) The spgcified rangestare inclusive. For example, a specified range of 0,98-1,02 for the sloge a4
means P,98 < a; <1,02.

e) These linearity-vérifications are not required for systems that pass the flow-rate verification for
diluted|exhaust as described in 9.8.5. for the propane check or for systems that agree within #2 %
based gn/a,chemical balance of carbon or oxygen of the intake air, fuel, and exhaust.

f) a4 criteria for these quantities shall be met only if the absolute value of the quantity is required, as
opposed to a signal that is only linearly proportional to the actual value.

g) Stand-alone temperatures include engine temperatures and ambient conditions used to set or
verify engine conditions; temperatures used to set or verify critical conditions in the test system;
and temperatures used in emissions calculations:

1) These temperature linearity checks are required: Air intake; aftertreatment bed(s) (for
engines tested with aftertreatment devices on cycles with cold start criteria); dilution air for
PM sampling CVS, double dilution, and partial flow systems); PM sample; and chiller sample

(for gaseous sampling systems that use chillers to dry samples).
2) These temperature linearity checks are only required if specified by the engine manufacturer:
Fuel inlet; test cell charge air cooler air outlet (for engines tested with a test cell heat exchanger
70 © IS0 2020 - All rights reserved
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simulating a vehicle/machine charge air cooler); test cell charge air cooler coolant inlet (for
engines tested with a test cell heat exchanger simulating a vehicle/machine charge air cooler);
and oil in the sump/pan; coolant before the thermostat (for liquid cooled engines).

h) Stand-alone pressures include engine pressures and ambient conditions used to set or verify engine
conditions; pressures used to set or verify critical conditions in the test system; and pressures used
in emissions calculations:

1) Required pressure linearity checks are: air intake restriction; exhaust back pressure;
barometer; CVS inlet gage pressure (if measurement using CVS); chiller sample (for gaseous
sampling systems that use chillers to dry samples).

D) Pressure linearity checks that are required only if specified by the engine mantfg
cell charge air cooler and interconnecting pipe pressure drop (for turbo{chdrg
tested with a test cell heat exchanger simulating a vehicle/machine charge airi.coole
and fuel outlet.

Table 7 — Measurement systems that require linearity verifications

cturer: test
red engines
r) fuel inlet;

Minimum Linearity Criteria
Mepsurement Quantity verification 2
System frequency [Xmin * (a1,<N) + ag a Ser r
Englne speed n Within 370 <0,05 % Moy 098- |<2% >0,990
days before 1,02 [Ny«
testing
Englne torque |T Within 370 <I% T, .« 098- [<2%| (20,990
days before 1,02 | T ax
testing
Fuel flow rate |q,, Within 370 <1% G max 098- [<2%| (20,990
days before 1,02 |gp , mhx
testing
Intake-air qy Within 370 <1% qy  max 0,98- <2 %|qy {20,990
flow rate? days before 1,02 | ax
testing
Dilufion air qy Within 370 <1% qy  max 0,98- <2 %|qy {20,990
flow rated days before 1,02 | ax
testing
Dilued exhaust |qy, Within 370 <1% Qv max 0,98- <2 %]|qy |20,990
flow rated days before 1,02 | ax
testing
Raw exhaust gy Within 185 <1 % Qv max 0,98- <2 %|qy [20,990
flow rate? days before 1,02 | ax
testing
Batdh sampler |qy, Within 370 <1 % Qv max 0,98- <2 %]|qy |20,990
flow rates? days before 1,02 | Lax
testing
Gas dividers X/Xspan Within 370 20,5 % Xpax 098- [=2% [=20,990
days before 1,02 |Xpax
testing
Gas analysers  |x Within 35 <0,5 % X4 099- (1% |=20,998
days before 1,01 |X4¢
testing
PM balance m Within 370 <1 % mp,., 0,99- |1 % >0,998
days before 1,01 |mp.,
testing
a2 For flow meters that determine standard volumetric flow rate, you may substitute it for molar flow rate as the quantity
and substitute maximum standard flow rate for maximum molar flow rate.
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Table 7 (continued)
Minimum Linearity Criteria
Measurement Quantity verification 2
Xpin X (@ —1) +a a S r
System frequency [Xmin x (a3 = 1) +aq| EE

Stand-alone p Within 370 <1 % prax 0,99- (1% |=20,998
pressures days before 1,01 |pmax

testing
Dew point Tew Uponinitial 20,5 % Tyewmax 0,99- |<0,5% |20,998
for intake air, installation, 1,01 | Tyewmax
PM-stabiliza- within 370
tion days before
and balance testing a_nd

. after major

environmernjts. :

maintenance.
Other dew point| Ty, Upon initial {21 % Tyewmax 0,99- [<1% |=20,998
measuremepts installation, 1,01, T iewmax

within 370

days before

testing and

after major

maintenance.
Analog-to-djg- |T Within 370 <1 % Tpax 099- [<1% >20,998
ital conversjon days before 1,01 | T«
of stand-alope testing
temperature
signals
a2  For flow meters that determine standard volumetric flow rate, you may substitute it for molar flow rate as the quaptity
and substitutfe maximum standard flow rate for maximum molar flow rate.

9.1.5 Continuous gas analyser system-response’and updating-recording verification

This subcla
and update

1se describes a general verification\procedure for continuous gas analyser system resppnse

recording. See 9.1.6 for verification procedures for compensation type analysers.

9.1.5.1 S¢ope and frequency

This verifig
continuous
that would
transient o1

ation shall be perforimed after installing or replacing a gas analyser that is usec
sampling. Also thisZverification shall be performed if the system is reconfigured in a
change system-reésponse. This verification is needed for continuous gas analysers use
ramped-modal'testing but is not needed for batch gas analyser systems or for contin

| for
way
1 for
lous

gas analysef systems ised only for discrete-mode testing.

9.1.5.2 Measutrement principles

This test v pnse
to a rapid change in the value of concentrations at the sample probe. Gas analyser systems shall be
optimized such that their overall response to a rapid change in concentration is updated and recorded
at an appropriate frequency to prevent loss of information. This test also verifies that continuous gas
analyser systems meet a minimum response time.

prifies that the npdzfing and rprnrding frpqnpnripq match the overall system resp

The system settings for the response time evaluation shall be exactly the same as during measurement
of the test run (i.e. pressure, flow rates, filter settings on the analysers and all other response time
influences). The response time determination shall be done with gas switching directly at the inlet of the
sample probe. The devices for gas switching shall have a specification to perform the switching in less
than 0,1 s. The gases used for the test shall cause a concentration change of at least 60 % full scale (FS).

The concentration trace of each single gas component shall be recorded.
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9.1.5.3 System requirements

1:2020(E)

a) The system response time shall be <12,5 s with a rise time of <5 s or with a rise and fall time of <5 s
each for all measured components (CO, NO,, CO, and HC) and all ranges used. When using a NMC

b)

9.1.]

The

b)

© IS0 2020 - All rights reserved

for the measurement of NMHC, the system response time may exceed 12,5 s.

All data (concentration, fuel and air flows) have to be shifted by their measured response times
before performing the emission calculations given in ISO 8178-4:2020, Clause 9 and Annex H.

To demonstrate acceptable updating and recording with respect to the system's overa
the system shall meet one of the following criteria:

1l response,

1) The product of the mean rise time and the frequency at which the system records
concentration shall be atleast 5. In any case the mean rise time shall be no mereth
D) The frequency at which the system records the concentration shall be at\east 2 |

Table 4).

b.4  Procedure
following procedure shall be used to verify the response of each.continuous gas analys¢

The analyser system manufacturer's start-up and operatinginstructions for the instry
shall be followed. The measurement system shall be adjusted as needed to optimize p¢

festing. If the analyser shares its sampling system.with other analysers, and if gas
bther analysers will affect the system response time, then the other analysers shall bg
hnd operated while running this verification test. This verification test may be run
hnalysers sharing the same sampling systenmitat the same time. If analogue or real-
filters are used during emission testing, these filters shall be operated in the same ma
Lhis verification.

For equipment used to validate system response time, minimal gas transfer tube lengt]
hll connections should be used,(a zero gas source shall be connected to one inlet of g
B-way valve (2 inlets, 1 outlet) in order to control the flow of zero and blended span
sample system's probe inletor a tee near the outlet of the probe. Normally the gas

f the gas flow rate is.Jower than the probe flow rate, the gas concentrations shall be
hccount for the dilution from ambient air drawn into the probe. Binary or multi-gas spa
be used. A gas blending or mixing device may be used to blend span gases. A gas blendir]
evice should §&applied when blending span gases diluted in N, with span gases dilutg

an updated
an 10 s;

Hz (see also

eI system:

ment setup
brformance.

This verification shall be run with the analyser operatingin the same manner as used for emission

flow to the
started up
on multiple
rime digital
hner during

hs between

fast-acting
rases to the
flow rate is

higher than the probe sample flow rate and the excess is overflowed out of the inlet of the probe.

adjusted to
h gases may
g or mixing
d in air.

Using a gas divider, an NO-CO-C0O,-C3;Hg-CH, (balance N,) span gas shall be equa
with a_span gas of NO,, balance purified air. Standard binary span gases may also be

lly blended
sed, where

hpplicable, in place of blended NO-CO-CO,-C3;Hg-CH,, balance N, span gas; in this calse separate
response tests shall be run for each analyser The gas divider outlet shall be connected fo the other
. h ; e Th h " . ; he gas analyser
system S probe or to an overflow f1tt1ng between the probe and transfer tube to all the analysers
being verified. A setup that avoids pressure pulsations due to stopping the flow through the gas
blending device shall be used. Any of these gas constituents if they are not relevant to the analysers
for this verification shall be omitted. Alternatively, the use of gas bottles with single gases and a

separate measurement of response times is allowed;

Data collection shall be done as follows:
1) The valve shall be switched to start the flow of zero gas.

2) Stabilization shall be allowed for, accounting for transport delays and the slowest analyser's
full response.
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3) Data recording shall be started at the frequency used during emission testing. Each recorded
value shall be a unique updated concentration measured by the analyser; interpolation or
filtering may not be used to alter recorded values.

4) The valve shall be switched to allow the blended span gases to flow to the analysers. This time

shall be recorded as t,.

5) Transport delays and the slowest analyser's full response shall be allowed for.

6) The flow shall be switched to allow zero gas to flow to the analyser. This time shall be recorded

7) Trdnsport delays and the slowest analyser's full response shall be allowed for.

8) The steps in c) 4) through 7) of this subclause shall be repeated to record seven fudl cy
ending with zero gas flowing to the analysers.

9) Regording shall be stopped.

9.1.5.5 Performance evaluation

m 9.1.5.4 ¢) shall be used to calculate the mean rise time, t;,_gg-for each of the analyse

a) If it is chosen to demonstrate compliance with 9.1.5.3 b) 1) th€ following procedure has t
applied; The rise times (in s) shall be multiplied by their respective recording frequencies in H
(1/s). The value for each result shall be at least 5. If the valug.is\less than 5, the recording frequ
shall bg increased or the flows adjusted or the design of the sampling system shall be changg
increase the rise time as needed. Also digital filters may®e configured to increase rise time.

b) Ifitis dhosen to demonstrate compliance with 9.1.5:3'b) 2), the demonstration of compliance
the requirements of 9.1.5.3 b) 2) is sufficient.

9.1.6 Regponse time verification for compensation type analysers

9.1.6.1 S¢ope and frequency

This verifigation shall be performed.to determine a continuous gas analyser's response, where
analyser's response is compensated-by another's to quantify a gaseous emission. For this check w
vapour shall be considered to-be’a gaseous constituent. This verification is required for contin
gas analyselrs used for transient or ramped-modal testing. This verification is not needed for batc}
analysers of for continuous'gas analysers that are used only for discrete-mode testing. This verifics
does not agply to correetion for water removed from the sample done in post-processing and it
not apply t¢ NMHC determination from THC and CH, quoted in ISO 8178-4:2020, Clause 9 and A
H. concernipg the<entission calculations. This verification shall be performed after initial installd
(i.e. test cell commissioning). After major maintenance, 9.1.5 may be used to verify uniform resp
provided thatany replaced components have gone through a humidified uniform response verifics

cles,

S.

o be
ertz
ency
dto

with

one
ater
lous
I gas
ition
does
nnex
ition
bnse
ition

at some poit:

9.1.6.2 Measurement principles

This procedure verifies the time-alignment and uniform response of continuously combined
measurements. For this procedure, it is necessary to ensure that all compensation algorithms
humidity corrections are turned on.

9.1.6.3 System requirements

gas
and

The general response time and rise time requirement given in 9.1.5.3 a) is also valid for compensation
type analysers. Additionally, if the recording frequency is different than the update frequency of the
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continuously combined/compensated signal, the lower of these two frequencies shall be used for the
verification required by 9.1.5.3 b) 1).

9.1.6.4 Procedure

All procedures given in 9.1.5.4 a) to c) have to be used. Additionally, also the response and rise time
of water vapour has to be measured, if a compensation algorithm based on measured water vapour is
used. In this case at least one of the used calibration gases (but not NO,) has to be humidified as follows:

If the system does not use a sample dryer to remove water from the sample gas, the span gas shall be
humidified by flowing the gas mixture through a sealed vessel that humidifies the gas to the highest
sample dew point that is estimated during emission sampling by bubbling it through distilled water.
If the system uses a sample dryer during testing that has passed the sample dryer verification check,
the humidified gas mixture may be introduced downstream of the sample dryer by bubbling it through
distilled water in a sealed vessel at (25 + 10) °C, or a temperature greater than the dew point. In all
caseps, downstream of the vessel, the humidified gas shall be maintained at a temferature offat least 5 2C
aboye its local dew point in the line. Note that it is possible to omit any of these'gas constityents if they
are ot relevant to the analysers for this verification. If any of the gas constituents are not susceptible to
watg¢r compensation, the response check for these analysers may be performed without humidification.

9.2 | Analytical gases

9.2.1 General

Analytical gases shall meet the accuracy and purity specifications of this subclause.

9.2.2 Gas specifications
The following gas specifications shall be considered:

a) Purified gases shall be used to zero nieasurement instruments and to blend with calibrption gases.
Gases with contamination no highérthan the highest of the following values in the gaq cylinder or
ht the outlet of a zero-gas generater shall be used:

1) 2 % contamination, measured relative to the flow-weighted mean concentration pxpected at
the standard. For exaiple, if a CO concentration of 100,0 pmol/mol is expected, then it would
be allowed to usea zero gas with CO contamination less than or equal to 2,000 pm¢l/mol.

P) Contamination\as specified in Table 8, applicable for raw or dilute measurements.

Table:8 — Contamination limits, applicable for raw or dilute measurement
[wmol/mol = ppm]

r

Constituent Purified air? Purified N,
TH( (€})equivalent) <0,05 pmol/mol <0,05 pmol/mol
co <1 pmol/mol <1 pmol/mol
co, <10 umol/mol <10 umol/mol
0, 0,205 to 0,215 mol/mol <2 pmol/mol
NO, <0,02 pmol/mol <0,02 pmol/mol
a  [tis notrequired that these levels of purity are international and/or national recognized standards-traceable.

3) Contamination as specified in Table 9, applicable for raw measurements.
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Table 9 — Contamination limits applicable for raw measurements [umol/mol = ppm]

Constituent

Purified air2

Purified N,?

THC (C; equivalent)

<1 pumol/mol

<1 pmol/mol

co

<1 pumol/mol

<1 umol/mol

co, <400 pmol/mol <400 umol/mol
0, 0,18 to 0,21 mol/mol —
NO, <0,1 pmol/mol <0,1 pmol/mol

a

Itis notrequired that these levels of purity are international and/or national recognized standards-traceable.

b) The fol

76

1y

2)
3)

4)

5)

FIO
mi}

FI[
FIL

owing gases shall be used with a FID analyser:

fuel shall be used with an H, concentration of (0,39 to 0,41) mol/mol, balance Hejor N,
cture shall not contain more than 0,05 umol/mol THC.

burner air shall be used that meets the specifications of purified air in a) of this subcl4

zero gas. Flame-ionization detectors shall be zeroed with purified gas that meets

spqcifications in a) of this subclause, except that the purified gas.03) concentration ma
any value.

FII

zero balance gases may be any combination of purified~air and purified nitrogen,

anglyser zero gases should be used that contain approkinyately the flow-weighted n
corjcentration of O, expected during testing.

FIO
of
if a

propane span gas. The THC FID shall be spanned@nd calibrated with span concentrat
propane, C3Hg. It shall be calibrated on a carboh number basis of one (C1). For exan
C3Hg span gas of concentration 200 pmol/mol is used, then a FID is recommended {

spgnned to respond with a value of 600 pmol/niol.

FIL

span balance gases may be any combination of purified air and purified nitrogen,

anglyser span gases should contain approximately the flow-weighted mean concentration
expected during testing.

FI[

methane span gas. If a CHy FID is always spanned and calibrated with a non-met

cutfter, then the FID shall be-spanned and calibrated with span concentrations of methane,
It shall be calibrated on.a earbon number basis of one (C1). For example, if a CH, span g
corjcentration 200 umel/mol is used, a FID is recommended to be spanned to respond w;|

val

FIL

lie of 200 umol/mol:

span balanCe gases may be any combination of purified air and purified nitrogen,

anglyser span'gases should contain approximately the flow-weighted mean concentration
expected during testing.

The fol
and/or

1y
2)
3)
4)
5)
6)
7)

The

use.

the
y be

FID
nean

ions
hple,
0 be

FID
bf O,

hane
CH,.
hs of
ith a

FID
bf O,

CH,, balance purified air and/or N, (as applicable);

C,Hg, balance purified air and/or N, (as applicable);

C3Hg, balance purified air and/or N, (as applicable);

CO, balance purified N,;

CO,, balance purified N;

NO
NO

, balance purified N,;

», balance purified air;

owing gas mixtures shall be used, with gases traceable within +1,0 % of the internatjonal
national recognized standards true value or of other gas standards that are approved: |
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8) 0,, balance purified N,;
9) C3Hg, CO, CO,, NO, balance purified N,;
10) C;3Hg, CHy, CO, CO,, NO, balance purified N,.

1:2020(E)

d) Gases for species other than those listed in c) of this subclause may be used (such as methanol
in air, which may be used to determine response factors), as long as they are traceable to within
+3,0 % of the international and/or national recognized standards true value, and the expiration

9.2.]

The
shal

b)

9.2.4 Gas transfer

Gasgs shall be transferred from their source totanalysers using components that are d
controlling and transferring only those gases. The shelf life of all calibration gases shall bg

The
9.3

9.3.]

Upo
with
vacy
appl

9.3.1

A le:
dete)
sam

date has not yet expired.

Own calibration gases may be generated using a precision blending device, such as a ga

s divider, to

dilute gases with purified N, or purified air. If the gas dividers meet the specifications,|
the gases being blended meet the requirements of a) and c) of this subclause, thetesu
hre considered to meet the requirements of 9.2.2.

8 Concentration and expiration date

concentration of any calibration gas standard and its expiration date-specified by the
be recorded.

No calibration gas standard may be used after its expiration dafe; except as allowed by

Calibration gases may be relabelled and used after their expiration date if it is approved
by the type approval or certification authority.

expiration date of the calibration gases stated by the manufacturer shall be recorded.
Vacuum-side leak verification

| Scope and frequency

in 8 hours prior to(each duty-cycle sequence, it shall be verified that there are no
um-side leaks usini@’one of the leak tests described in this subclause. This verificati
y to any full-flowpportion of a CVS dilution system.

P Measurement principles

1k may-be detected either by measuring a small amount of flow when there shall be z
cting the dilution of a known concentration of span gas when it flows through the vacu

n 9.2.3, and
ting blends

ras supplier

b).

in advance

edicated to
e respected.

1 initial sampling system installation, after major maintenance such as pre-filter clhanges, and

significant
bn does not

bro flow, by
hm side of a

blirtg sustem or bv measuring the nressure increase of an evacuated sustem
(=] J J (=] r J

9.3.3 Low-flow leak test

A sampling system shall be tested for low-flow leaks as follows:

a) The probe end of the system shall be sealed by taking one of the following steps:

1) The end of the sample probe shall be capped or plugged.

2) The transfer tube shall be disconnected at the probe and the transfer tube capped or plugged.
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b)

3) Aleak-tight valve in-line between a probe and transfer tube shall be closed.

All vacuum pumps shall be operated. After stabilizing, it shall be verified that the flow through
the vacuum-side of the sampling system is less than 0,5 % of the system's normal in-use flow rate.
Typical analyser and bypass flows may be estimated as an approximation of the system's normal
in-use flow rate.

9.3.4 Dilution-of-span-gas leak test

Any gas analyser may be used for this test. If a FID is used for this test, any HC contamination in
the sampling system shall be corrected according to ISO 8178-4:2020, Clause 9 and Annex H on HC
and NMHC |determination. Misleading results shall be avoided by using only analysers that have a
repeatabilify of 0,5 % or better at the span gas concentration used for this test. The vacuum.Side|leak

check shall pe performed as follows:

a)
b)

<)

d)

9.3.5 Vaduum-decay leak test

A gas analyser shall be prepared as it would be for emission testing.

Span ggs shall be supplied to the analyser portand it shall be verified that the span gas concentrgtion
is meagqured within its expected measurement accuracy and repeatability.

Overfldw span gas shall be routed to one of the following locations in the sampling system:
1) theend of the sample probe;

2) thetransfer tube shall be disconnected at the probe connection, and the span gas overflown at
the open end of the transfer tube;

3) athree-way valve installed in-line between a probe:and its transfer tube.

It shall pe verified that the measured overflow spamgas concentration is within +0,5 % of the §pan
gas concentration. A measured value lower than-expected indicates a leak, but a value higher than
expecté¢d may indicate a problem with the span-gas or the analyser itself. A measured value higher
than exjpected does not indicate a leak.

To perform|this test a vacuum shall be)applied to the vacuum-side volume of the sampling system and
the leak ratp of the system shall be'observed as a decay in the applied vacuum. To perform this tesf the
vacuum-side volume of the sampling system shall be known to within +10 % of its true volume. Fo1 this

test measuilement instruments-that meet the specifications of 5.3, 6.4, 7.3 and 9.1 shall also be usedl.

A vacuum-decay leak test shall be performed as follows:

a)

b)

78

The prabe end of the system shall be sealed as close to the probe opening as possible by taking one
of the fpllowingsteps:

1) Th¢ énd of the sample probe shall be capped or plugged.

2) The transfer tube at the probe shall be disconnected and the transfer tube capped or plugged.
3) Aleak-tight valve in-line between a probe and transfer tube shall be closed.

All vacuum pumps shall be operated. A vacuum shall be drawn that is representative of normal
operating conditions. In the case of sample bags, the normal sample bag pump-down procedure
should be repeated twice to minimize any trapped volumes.

The sample pumps shall be turned off and the system sealed. The absolute pressure of the trapped
gas and optionally the system absolute temperature shall be measured and recorded. Sufficient
time shall be allowed for any transients to settle and long enough for a leak at 0,5 % to have caused
a pressure change of at least 10 times the resolution of the pressure transducer. The pressure and
optionally temperature shall be recorded once again.
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d) The leak flow rate based on an assumed value of zero for pumped-down bag volumes and based on
known values for the sample system volume, the initial and final pressures, optional temperatures,
and elapsed time shall be calculated. It shall be verified that the vacuum-decay leak flow rate is less
than 0,5 % of the system's normal in-use flow rate as follows:

b Py
Wwac|T, T

queak - R (tz _tl )

(5)

where

vieak 1S vacuum-decay leak rate [mol/s];

/oc  is geometric volume of the vacuum-side of the sampling system [m3];
R is molar gas constant []/(mol K)J;

D is vacuum-side absolute pressure at time ¢, [Pa];

[, is vacuum-side absolute temperature at time t, [K];

D1 is vacuum-side absolute pressure at time t; [Pa];

" is vacuum-side absolute temperature at time ¢, JK};

) is time at completion of vacuum-decay leakyerification test [s];

o is time at start of vacuum-decay leak vekification test [s].

9.4 | NO,-to-NO converter conversion yerification

9.4.1 Scope and frequency

If anj analyser is used that measures only NO to determine NO,, an NO,-to-NO converter shall be used
upstiream of the analyser. Thisverification shall be performed after installing the converter,after major
maintenance and within 35 days before an emission test. This verification shall be repepted at this
freqpency to verify that the eatalytic activity of the NO,-to-NO converter has not deterioratgd.

9.4. Measurement principles

An NO,-to-NO converter allows an analyser that measures only NO to determine total NO, by converting
the INO, in exhaust to NO.

9.4. System requirements

An NO,-to-NO converter shall allow for measuring at least 95 % of the total NO, at the maximum
expected concentration of NO,.

9.4.4 Procedure
The following procedure shall be used to verify the performance of a NO,-to-NO converter:

a) For the instrument setup the analyser and NO,-to-NO converter manufacturers' start-up and
operating instructions shall be followed. The analyser and converter shall be adjusted as needed to
optimize performance.

b) An ozonator's inlet shall be connected to a purified air or oxygen source and its outlet shall be
connected to one port of a 3-way tee fitting. An NO span gas shall be connected to another port and
the NO,-to-NO converter inlet shall be connected to the last port.
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c) The following steps shall be taken when performing this check:

1) The ozonator air shall be set off and the ozonator power shall be turned off and the NO,-to-NO
converter shall be set to the bypass mode (i.e., NO mode). Stabilization shall be allowed for,

acc

ounting only for transport delays and instrument response.

2) The NO and zero-gas flows shall be adjusted so the NO concentration at the analyser is near
the peak total NO, concentration expected during testing. The NO, content of the gas mixture
shall be less than 5 % of the NO concentration. The concentration of NO shall be recorded by
calculating the mean of 30 s of sampled data from the analyser and this value shall be recorded
as XNOref ngher concentration may be used accordmg to the instrument manufacturers

3) Th

4) Th

uni
sarj

5) Th
of |
thi

6) Th

NO|,

red
be

7) 0O,
mi
dat

than 5 % above the xy s value.

d) Perforn
concen

ENOX[

e) Ifthe rg

xture. The concentration of NOy shall be recorded by calculating the mean of 30 s of sam

0 ]=[1+XN0x,meas ~XNox +02mix ]*100

expected NO concentratlon is lower than the minimum range for the verlflcatlon spec¢
the instrument manufacturer.

e ozonator O, supply shall be turned on and the O, flow rate adjusted so that the NO indig
the analyser is about 10 % less than xyq.. The concentration of NO shall be recorde
Culating the mean of 30 s of sampled data from the analyser and this,value recordg

+02mix*

e ozonator shall be switched on and the ozone generation rate“adjusted so that thg
psured by the analyser is approximately 20 % of xyg..;; Whiledmaintaining at least 1
eacted NO. The concentration of NO shall be recorded by-¢alculating the mean of 30
hpled data from the analyser and this value shall be recofded as xygeqs-

e NO, analyser shall be switched to NO, mode and total NO, measured. The concentrz
NO, shall be recorded by calculating the mean of 3@s of sampled data from the analyser
b value shall be recorded as Xygymeas-

e ozonator shall be switched off but gas flowthrough the system shall be maintained.

orded by calculating the mean of 30 s,ofsampled data from the analyser and this value
recorded as Xyoy.02mix-

supply shall be turned off. The NO, analyser will indicate the NO, in the original NO-i

a from the analyser and.-this value shall be recorded as Xy This value shall be no 1

hance evaluation. The efficiency of the NO, converter shall be calculated by substitutin
rations obtainedinto the following Formula:

XNo +02mix ~XNOmeas

sultis less than 95 %, the NO,-to-NO converter shall be repaired or replaced.

N, if
ified

ated
d by
d as

NO
0%
s of

ition
and

The

analyser will indicate the NO, in the NO+ O, mixture. The concentration of NO, shafll be

shall

n'NZ
pled
nore

v the

(6)

9.5 Calibration and set up of gaseous measurements

9.5.1 Sco

pe and frequency

For all FID analysers, the FID shall be calibrated upon initial installation. The calibration shall be
repeated as needed using good engineering judgment. The following steps shall be performed for a FID
that measures HC:

a) A FID's response to various hydrocarbons shall be optimized after initial analyser installation
and after major maintenance. FID response to propylene and toluene shall be between 0,9 and 1,1
relative to propane.
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© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-1:2020(E)

b) A FID's methane (CH,) response factor shall be determined after initial analyser installation and
after major maintenance as described in 9.5.4.

c¢) Methane (CH,) response shall be verified within 185 days before testing.

9.5.2 Calibration

Good engineering judgment shall be used to develop a calibration procedure, such as one based on the
FID-analyser manufacturer's instructions and recommended frequency for calibrating the FID. For a
FID that measures HC, it shall be calibrated using C3Hg calibration gases that meet the specifications
of 9.2. For a FID that measures CH,, it shall be calibrated using CH, calibration gases that meet the
spedifications of 9.2. Regardless of the calibration gas composition, it shall be calibrated ¢n a carbon
numler basis of one (C1).

9.5.3 HCFID response optimization

This|procedure is only for FID analysers that measure HC.

a)

nstrument manufacturer requirements and good engineering judgnient shall be use
nstrument start-up and basic operating adjustment using FID fuéland purified air. |
chall be within their required operating temperature ranges~FID response shall bg
Lo meet the requirement of the hydrocarbon response factérs and the oxygen interfe
hccording to 9.5 and 9.5.6 at the most common analyser-range expected during emisg
Higher analyser range may be used according to the instrument manufacturer's recon
hnd good engineering judgment in order to optimize FID accurately, if the common ang

d for initial
leated FIDs
b optimized
rence check
ion testing.
nmendation
lyser range

s lower than the minimum range for the optimization specified by the instrument ma

facturer.

b) Heated FIDs shall be within their required operating temperature ranges. FID response shall be
bptimized at the most common analyser range expected during emission testing. With the fuel and
hirflow rates set at the manufacturer's recommendations, a span gas shall be introduced to the
hnalyser.

c) [he following step from 1) to 4) erthe procedure instructed by the instrument manufacturer shall
be taken for optimization. The procedures outlined in SAE paper No. 770141 may b¢ optionally
ised for optimization:

1) Theresponse ata given fuel flow shall be determined from the difference between the span gas
response and the€zero gas response.

D) The fuel flowsshall be incrementally adjusted above and below the manufacturer's specification.
The span.and zero response at these fuel flows shall be recorded.

B) The difference between the span and zero response shall be plotted and the fuel flpw adjusted
to<the’rich side of the curve. This is the initial flow rate setting which may nged further
optimization depending on the results of the hydrocarbon response factors and|the oxygen
interference check according to 9.5 and 9.5.6.

4) If the oxygen interference or the hydrocarbon response factors do not meet the following
specifications, the airflow shall be incrementally adjusted above and below the manufacturer's
specifications, repeating 9.5 and 9.5.6 for each flow.

d) The optimum flow rates and/or pressures for FID fuel and burner air shall be determined, and they

shall be sampled and recorded for future reference.

9.5.4 HCFID CH, response factor determination

This procedure is only for FID analysers that measure THC. Since FID analysers generally have a
different response to CH, versus C3Hg, each THC FID analyser's CH, response factor, frg chafrHc-rip]
shall be determined, after FID optimization. The most recent fg cyaric-pip) measured according to this
subclause shall be used in the calculations for HC determination described in ISO 8178-4:2020, Annex H
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(molar based approach) or ISO 8178-4:2020, Clause 9 (mass based approach) to compensate for CH,
response. frp cyaric-rip) Shall be determined as follows, noting that frg cnspruc-rip) i not determined
for FIDs that are calibrated and spanned using CH, with a non-methane cutter:

a) A C3;Hg span gas concentration shall be selected to span the analyser before emission testing. Only
span gases that meets the specifications of 9.2 shall be selected and the C3Hg concentration of the
gas shall be recorded.

b) A CH, span gas that meets the specifications of 9.2 shall be selected and the CH, concentration of
the gas shall be recorded.

C The FI analucarchallbho oot d S nnns Ao ta thao ;oo fo b lc S o nbl o o
ullul] OJC1 OIIdITI UC Ul_l\'l alttLu dalulyuUl ullls LU CIIC TIITAITUIAdUCULUI U O TITIOLTI UL LUIVUITO.

d) It shall[be confirmed that the FID analyser has been calibrated using C3;Hg. Calibration.shall be
performhed on a carbon number basis of one (C,).

e) The FII) shall be zeroed with a zero gas used for emission testing.
f) The FII) shall be spanned with the selected C;Hg span gas.

g) The selpcted CH, span gas shall be introduced at the sample port of the FiD analyser, the CH, $pan
gas thaf has been selected under b) of this subclause.

h) The analyser response shall be stabilized. Stabilization time may include time to purge the analyser
and to gccount for its response.

i) While the analyser measures the CH, concentration, 30 s of'sampled data shall be recorded angl the
arithmetic mean of these values shall be calculated.

j)  The mgan measured concentration shall be divided by the recorded span concentration of thefCH,
calibration gas. The result is the FID analyser’s respense factor for CHy, frp cuarruc-riny-

9.5.5 HCFID methane (CH,) response verification

This procequre is only for FID analysers thay'measure HC. If the value of fyg cpgpruc.pip from 9.9.4 is
within +5,0]% of its most recent previously.determined value, the HC FID passes tLe methane resppnse
verification|

a) It shalljpe first verified that thepressures and/or flow rates of FID fuel, burner air, and samplé¢ are
each within +0,5 % their mestrecent previously recorded values, as described in 9.5.3. If these [flow
rates have to be adjusted, . anew fpp cyapruc-pipy shall be determined as described in 9.5.4. It should
be verified that the value of fpp cyapric-pip) determined is within the tolerance specified in 9.5.5.

b) Iffgrch [THC-FID}AS 0t within the tolerance specified in 9.5.5, the FID response shall be re-optintized
as descfibed in"9:5.3.

c) Anew [pg CHA[THC-FID] shall be determined as described in 9.5.4. This new value of frg cyarug
shall b¢ used in the calculations for HC determination, as described in ISO 8178-4:2020, Ann|
(molar based approach) or Clause 9 (mass based approach).

FI]I)_]

9.5.6 Non-stoichiometric raw exhaust FID O, interference verification

9.5.6.1 Scope and frequency

If FID analysers are used for raw exhaust measurements, the amount of FID O, interference shall be
verified upon initial installation and after major maintenance.

9.5.6.2 Measurement principles

Changes in O, concentration in raw exhaust can affect FID response by changing FID flame
temperature. FID fuel, burner air, and sample flow shall be optimized to meet this verification. FID
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performance shall be verified with the compensation algorithms for FID O, interference that is active
during an emission test.

9.5.6.3 System requirements

Any FID analyser used during testing shall meet the FID O, interference verification according to the
procedure in this subclause.

9.5.6.4 Procedure

FID 0 3 3 g tha g2
creake reference gas concentrations that are required to perform this verification:

a)

b)

d)

f)

g)

h)

j)

k)

D)

Three span reference gases shall be selected that meet the specifications in 9.27)and c
roncentration used to span the analysers before emissions testing. CH, span referencg
be used for FIDs calibrated on CH, with a non-methane cutter. The three balance gas con
shall be selected such that the concentrations of O, and N, represent thésminimum an
hnd intermediate O, concentrations expected during testing. The requirement for using
D, concentration can be removed if the FID is calibrated with span gas balanced with
bxpected oxygen concentration.

t shall be confirmed that the FID analyser meets all the spe€ifications of 9.5.

The FID analyser shall be started and operated as it would be before an emission test. R
the FID burner's air source during testing, purified airshall be used as the FID burner
For this verification.

[Che analyser shall be set at zero.
Che analyser shall be spanned using a span gas that is used during emissions testing.

Che zero response shall be checked by using the zero gas used during emission testing
proceeded to the next step if the mean zero response of 30 s of sampled data is within +
kpan reference value used in e) of this subclause, otherwise the procedure shall be res|
bf this subclause.

The analyser response shall be checked using the span gas that has the minimum conc
D, expected during testing. The mean response of 30 s of stabilized sample data shall |

AS X02minHC
Che zero respgnse of the FID analyser shall be checked using the zero gas used duri
festing. The qiext step shall be performed if the mean zero response of 30 s of stabilized

s within£®;5 % of the span reference value used in €) of this subclause, otherwise thg
chall be'restarted at paragraph d) of this subclause.

Chéanalyser response shall be checked using the span gas that has the average concent

may be used to

bntain C3Hg
P gases may
centrations
1l maximum
the average
the average

boardless of
S air source

r. [t shall be
0,5 % of the
tarted at d)

entration of
be recorded

g emission
tample data
e procedure

ration of O,

pxXpected during testing. The mean response of 30 s of stabilized sample data shall be

recorded as

X02avgHC*

The zero response of the FID analyser shall be checked using the zero gas used during emission
testing. The next step shall be performed if the mean zero response of 30 s of stabilized sample data
is within +0,5 % of the span reference value used in €) of this subclause, otherwise the procedure

shall be restarted at d) of this subclause.

The analyser response shall be checked using the span gas that has the maximum concentration of
0, expected during testing. The mean response of 30 s of stabilized sample data shall be recorded

as Xp2maxHC

The zero response of the FID analyser shall be checked using the zero gas used during emission
testing. The next step shall be performed if the mean zero response of 30 s of stabilized sample data
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is within 0,5 % of the span reference value used in €) of this subclause, otherwise the procedure at
d) of this subclause shall be restarted.

The % difference between xq;,,..1c and its reference gas concentration shall be calculated. The
% difference between Xg,,,yc and its reference gas concentration shall be calculated. The %
difference between X, .innc and its reference gas concentration shall be calculated. The maximum
% difference of the three shall be determined. This is the O, interference.

n) Ifthe O, interference is within +3 %, the FID passes the O, interference verification; otherwise one
or more of the following need to be performed to address the deficiency:

1) TheveriHeatonshat-berepested-to-determine Hamistake wasmade durins the proeceduye.

2) The zero and span gases for emission testing shall be selected that contain higher orlawgr O,
corjcentrations and the verification shall be repeated.

3) Th¢ FID burner air, fuel, and sample flow rates shall be adjusted. Note that if these flow rates
arg adjusted on a THC FID to meet the O, interference verification, the fgp ofiy. Shall be resqt for
thenext frp cp4 verification. The O, interference verification shall be repeated after adjustment
and frp cp4 shall be determined.

4) Th¢ FID shall be repaired or replaced and the O, interference verification shall be repeatedl.

9.5.7 Efficiency of the Non-Methane Cutter (NMC)
9.5.7.1 S¢ope and frequency
If a FID analyser and a non-methane cutter (NMC) is used to-measure methane (CH,), the non-methane

cutter's con

this subclayse, these conversion efficiencies may be determined as a combination of NMC conver

efficiencies
configurati

This verific
repeated w

9.5.7.2 M

A non-meth
sample befi

methane cutter would haye a methane conversion efficiency Ey,4 [-] of O (that is, a methane penetrg

fraction, fpj

as represented by an‘ethane conversion efficiency Eq,ye [-] of 1 (that is, an ethane penetrg

fraction fpp
subclause's
NMC perfor

version efficiencies of methane, E;4, and ethane, E¢,;;¢ shall be determined. As detailg

and FID analyser response factors, depending on the particular NMC and FID anal
bN.,

thin 185 days of testing to verify that the catalytic activity of the cutter has not deterior

easurement principles

ane cutter is a heafed catalyst that removes non-methane hydrocarbons from the exh
bre the FID analyser measures the remaining hydrocarbon concentration. An ideal

cha Of 1,000), and the conversion efficiency for all other hydrocarbons would be 1
c2n6 4-50f 0). The emission calculations in ISO 8178-4:2020, Clause 9 or Annex H use

meqsured values of conversion efficiencies Ey, and Eq,y to account for less than
mdnce.

bd in
sion
yser

ation shall be performed after iistalling the non-methane cutter. This verification shall be

hted.

aust
non-
ition
000,
ition
this
deal

9.5.7.3 System requirements

NMC conversion efficiencies are not limited to a certain range. However, a non-methane cutter should
be optimized by adjusting its temperature to achieve a E.y, < 0,15 and a Eq,p > 0,98 (fpp cpyg > 0,85
and fpg cope < 0,02) as determined by 9.5.7.4, as applicable. If adjusting NMC temperature does not
result in achieving these specifications, the catalyst material should be replaced. The most recently
determined conversion values from this subclause shall be used to calculate HC emissions according to

ISO 8178-4:
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2020, Clause 9 or Annex H as applicable.
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Any one of the procedures specified in 9.5.7.4.1, 9.5.7.4.2 and 9.5.7.4.3 should be applied. An alternative
method recommended by the instrument manufacturer may be used.

9.5.7.4.1 Procedure for a FID calibrated with the NMC

If a FID is always calibrated to measure CH, with the NMC, then the FID shall be spanned with the
NMC using a CH, span gas, the product of that FID's CH, response factor and CH, penetration fraction,
frepr cHapnmc-ripy, shall be set equal to 1,0 (i.e. efficiency E¢y, [-] is set to 0) for all emission calculations,

and

the combined ethane (C,H.) response factor and penetration fraction, forpr couarn

C-FID] (and

effic

a)

f)
g)

h)

9.5.]

Ifal
fract

iency Ecope [-]) shall be determined as follows:

Both a CH, gas mixture and a C,Hy analytical gas mixture shall be selegted n
specifications of 9.2. Both a CH, concentration for spanning the FID during emiSsion

standard or equal to THC analyser's span value shall be selected.

nstructions, including any temperature optimization.
t shall be confirmed that the FID analyser meets all the specifieations of 9.5.
The FID analyser shall be operated according to the manufacturer's instructions.

CH, span gas shall be used to span the FID with thescutter. The FID shall be spanned o
For example, if the span gas has a CH, reference value of 100 pmol/mol, the correct FID
fhat span gas is 100 pmol/mol because there is ene carbon atom per CH, molecule.

[he C,H, analytical gas mixture shall be inttoduced upstream of the non-methane cutt

Che analyser response shall be stabiliZed. Stabilization time may include time to pup
methane cutter and to account for the:analyser's response.

While the analyser measures a stable concentration, 30 s of sampled data shall be recor
hrithmetic mean of these data points shall be calculated.

The mean shall be divided’by the reference value of C,H, converted to a C1 basis. T
fhe C,Hg combined response factor and penetration fraction, frepr coneNMc-FiDp €4
(1 - E¢yp6 [[])- Thisseombined response factor and penetration fraction and the produg
Fesponse factor and CH, penetration fraction, fgppg cyapnmc-ripp Which is set equal to 1,0,

/.4.2 Procedure for a FID calibrated with propane bypassing the NMC

ID4s used with an NMC that is calibrated with propane, C;Hg, by bypassing the NMC, p
1005 for conarnme-rinl @04 fpr cuarnmce.ripg Shall be determined as follows:

heeting the
testing and

h C,H, concentration that is typical of the peak NMHC concentration expegted at the hydrocarbon

Che non-methane cutter shall be started, operated, and optimized a¢cording to the manufacturer's

h a C; basis.
response to

er.

ge the non-

ded and the

he result is
uivalent to

t of the CH,

in emission

ralculations shall be used according to ISO 8178-4:2020, Clause 9 or Annex H as applicaple.

enetrations

a) A CH, gas mixture and a C,H, analytical gas mixture shall be selected meeting the specifications
of 9.2 with the CH, concentration typical of its peak concentration expected at the hydrocarbon
standard and the C,Hy concentration typical of the peak total hydrocarbon (THC) concentration
expected at the hydrocarbon standard or the THC analyser span value.

b) The non-methane cutter shall be started and operated according to the manufacturer's instructions,
including any temperature optimization.

c)

It shall be confirmed that the FID analyser meets all the specifications of 9.5.

d) The FID analyser shall be operated according to the manufacturer's instructions.
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f)

g)

h)

j)

k)

9.5.7.4.3 [Procedure for a FID calibrated with methane, bypassing the NMC

The FID shall be zeroed and spanned as it would be during emission testing. The FID shall be
spanned by bypassing the cutter and by using C3Hg span gas to span the FID. The FID shall be
spanned on a C; basis.

The C,H¢ analytical gas mixture shall be introduced upstream of the non-methane cutter at the
same point the zero gas was introduced.

Time shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the non-methane cutter and to account for the analyser's response.

While the analyser measures a stable concentration, 30 s of sampled data shall be recorded and the

arithm atic nan ~frhacn Aot oo ch ol ho ~olalabnd
LIV TIICAITI U tIIvov Uudaltd lJ\.Illl\-J SITAIT U CAdItvuUuIidale U,

The flop path shall be rerouted to bypass the non-methane cutter, the C,Hy analytical gas.mixture
shall bg introduced to the bypass, and the steps in g) through h) of this subclause shall be repeated.

The mdan C,H, concentration measured through the non-methane cutter shall he'divided by the
flow-weighted mean concentration measured after bypassing the non-methane ¢utter. The respiltis
the C,Hg penetration fraction, fpp copenmc-ripp that is equivalent to (1 - Eyye [4). This penetrgtion
fraction shall be used according to ISO 8178-4:2020, Clause 9 or Annex H, as.applicable.

The stgps in f) through j) of this subclause shall be repeated, but with the CH, analytical gas
mixturg instead of C,Hg. The result will be the CH, penetration fraetion, fpp capnmc-rip) (€quivglent
to (1 - Ecps [1))- This penetration fraction shall be used accordjiig to ISO 8178-4:2020, Clause|9 or
Annex H, as applicable.

If a FID is uped with an NMC that is calibrated with methane, CH,, by bypassing the NMC, determine its
combined ethane (C,Hy) response factor and penetration fraction, fgppr c2nepnmc-ripy @s Well as it CHy

penetratior] fraction, fpg cyapnmc-Fipp s follows:

a)

f)

g)

h)

86

CH, anfl C,H, analytical gas mixtures shallbe selected that meet the specifications of 9.2, with
the CH/ concentration typical of its peak ¢concentration expected at the hydrocarbon standard and
the C,H, concentration typical of the peak total hydrocarbon (THC) concentration expected af the
hydrocarbon standard or the THC analyser span value.

The nofp-methane cutter shall be started and operated according to the manufacturer's instructjons,
including any temperature dptimization.

It shall pe confirmed thatithe FID analyser meets all the specifications of 9.5.
The FID) analyser shall be started and operated according to the manufacturer's instructions.

The FID) shall be.zeroed and spanned as it would during emission testing. The FID shall be spanned
with CH, spairgas by bypassing the cutter. Note that the FID shall be spanned on a C1 basis| For

example/if the span gas has a methane reference value of 100 umol/mol, the correct FID resppnse
to that W@Wﬂmmmmw

The C,H, analytical gas mixture shall be introduced upstream of the non-methane cutter at the
same point the zero gas was introduced.

Time shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the non-methane cutter and to account for the analyser's response.

30 s of sampled data shall be recorded while the analyser measures a stable concentration. The
arithmetic mean of these data points shall be calculated.

The flow path to bypass the non-methane cutter shall be rerouted, the C,H, analytical gas mixture
shall be introduced to the bypass, and the steps in g) and h) of this subclause shall be repeated.
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j)  The mean C,H, concentration measured through the non-methane cutter shall be divided by the
flow-weighted mean concentration measured after bypassing the non-methane cutter. The result
is the C,H, combined response factor and penetration fraction, fpppp cane[Nmc-Fip: This combined
response factor and penetration fraction shall be used according to ISO 8178-4:2020, Annex H or
Clause 9, as applicable.

k) The stepsinf) throughj) of this subclause shall be repeated, but with the CH, analytical gas mixture
instead of C,Hg. The result will be the CH, penetration fraction, fpr cyapnmc-pip)- This penetration
fraction shall be used according to ISO 8178-4:2020, Annex H or Clause 9, as applicable.

9.5.8 __CO and CO, Measurements

9.5.8.1 H,O0 interference verification for CO, NDIR analysers

9.5.8.1.1 Scope and frequency

If CQ, is measured using an NDIR analyser, the amount of H,0 interference shall be verified|after initial
analser installation and after major maintenance.

9.5.8.1.2 Measurement principles

H,O|can interfere with an NDIR analyser's response to CO,, If the NDIR analyser uses compensation
algorithms that utilize measurements of other gases ‘to meet this interference vyerification,
simyltaneously these other measurements shall be conducted to test the compensation|algorithms
duriphg the analyser interference verification.

9.5.8.1.3 System requirements

A CQ, NDIR analyser shall have an H,0 interference that is within 0,4 mmol/mol of the explected mean
CO, fFoncentration, though a lower interferénce that is within 0,2 mmol/mol is recommended.

9.5.8.1.4 Procedure
The [nterference verification shall be performed as follows:

a) [The CO, NDIR analysershall be started, operated, zeroed, and spanned as it would be before an
bmission test.

b) A humidified test)gas shall be created by bubbling zero gas that meets the specificaftions in 9.2
through distilled water in a sealed vessel. If the sample is not passed through a dryer,| control the
vessel temperature to generate an H,0 level at least as high as the maximum expefted during
Lesting.\[f the sample is passed through a dryer during testing, control the vessel temperature to
benerate an H,0 level at least as high as the level determined in 5.2.2.3.1.

c¢) [The humidified test gas temperature shall be maintained at least 5 °C above its| dew point
downstream of the vessel.

d) The humidified test gas shall be introduced into the sampling system. The humidified test gas may
be introduced downstream of any sample dryer, if one is used during testing.

e) The water mole fraction, x;;,,, of the humidified test gas shall be measured, as close as possible
to the inlet of the analyser. For example, dew point, Ty, and absolute pressure p,..,, shall be
measured to calculate x;,(.

f) Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or
valves from the point where X, is measured to the analyser.

g) Time shall be allowed for the analyser response to stabilize. Stabilization time shall include time to
purge the transfer tube and to account for analyser response.
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h) While the analyser measures the sample's concentration, 30 s of sampled data shall be recorded. The
arithmetic mean of this data shall be calculated. The analyser meets the interference verification if
this value is within 0,4 mmol/mol.

9.5.8.2 H,0 and CO, interference verification for CO NDIR analysers

9.5.8.2.1

Scope and frequency

If CO is measured using an NDIR analyser, the amount of H,0 and CO, interference shall be verified

after initial

analyser installation and after major maintenance.

9.5.8.2.2

H,0 and C(
the NDIR a
this interfe
compensati

9.5.8.2.3

A CO NDIR
flow-weight
concerned.

9,5.8.2.4
The interfe}]

a) The CO

IMeasurement principles

» can positively interfere with an NDIR analyser by causing a response similar to C
halyser uses compensation algorithms that utilize measurements of other gases to 1
rence verification, simultaneously these other measurements shall be corducted to tes
pn algorithms during the analyser interference verification.

System requirements

hnalyser shall have combined H,0 and CO, interference that(is within +2 % of the expe
ed mean concentration of CO corresponding to the applicable limit specified by the pa

Procedure
ence verification shall be performed as follows;

NDIR analyser shall be started, operated; zeroed, and spanned as it would be befor
n test.

lified CO, test gas shall be created\by bubbling a CO, span gas through distilled water
ressel. If the sample is not passedthrough a dryer, the vessel temperature shall be contr
rate an H,O level at least as high as the maximum expected during testing. If the samy
through a dryer during t€sting, the vessel temperature shall be controlled to generat
el at least as high as the level determined in 9.8.5.8. A CO, span gas concentration sha
least as high as the maximum expected during testing.

midified CO, testgas shall be introduced into the sampling system. The humidified CO,
 be introduced downstream of any sample dryer, if one is used during testing.

ter mole/fyaction, xy,, of the humidified test gas shall be measured, as close as pos
nlet of-the analyser. For example, dew point, Ty, and absolute pressure p. .., sha
ed to'calculate xy.

0. If
neet
[ the

cted
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le is
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valves from the point where x, is measured to the analyser.

Time shall be allowed for the analyser response to stabilize.

arithmetic mean of this data shall be calculated.

S, or

While the analyser measures the sample's concentration, its output shall be recorded for 30 s. The

The analyser meets the interference verification if the result of g) meets the tolerance in 9.5.8.2.3.

Interference procedures for CO, and H,0 may be also run separately. If the CO, and H,O levels

used are higher than the maximum levels expected during testing, each observed interference
value shall be scaled down by multiplying the observed interference by the ratio of the maximum
expected concentration value to the actual value used during this procedure. Separate interference
procedures concentrations of H,0 (down to 0,025 mol/mol H,0 content) that are lower than the

emissid

b) A humi
sealed ¥
to gene
passed
H,0 ley
used at|

c¢) Thehu
gas ma]

d) The w4
to the
measuy

e) Goode

f)

g)

h)

)
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maximum levels expected during testing may be run, but the observed H,0 interference shall be
scaled up by multiplying the observed interference by the ratio of the maximum expected H,0

concentration value to the actual value used during this procedure. The sum of the
interference values shall meet the tolerance in 9.5.8.2.3.

9.5.9 NO, Measurement

9.5.9.1 CLD CO, and H,0 quench verification

9.5.9.1.1 Scope and frequency

If a

inst:

9.5.9.1.2 Measurement principles

H,0

the ¢
9.59

the
com
eval

9.5.9.1.3 System requirements

For
29

quet]
repdiring or replacing the analyser. Before running emission tests, it shall be verified that th
actic

9.5.9.1.4 CO, quench verificationprocedure

The

dete)

and

prot|

a)
b)

)

two scaled

CLD analyser is used to measure NO,, the amount of H,0 and CO, quench shall be ‘vt
i1ling the CLD analyser and after major maintenance.

and CO, can negatively interfere with a CLD's NO, response by collisionabquenching, wh

.1.6.3 determine quench and scale the quench results to the maximum mole fraction
maximum CO, concentration expected during emission testing,If the CLD analyser U
pensation algorithms that utilize H,0 and/or CO, measufement instruments, quen
1ated with these instruments active and with the compensation algorithms applied.

faw or dilute measurement a CLD analyser shall hot exceed a combined H,0 and CO
h. Combined quench is the sum of the CO, quehich determined as described in 9.5.9.1.4 :
ch as determined in 9.5.9.1.5. If these requirements are not met, corrective action shall

n have successfully restored the analyser to proper functioning.

following method or the-method prescribed by the instrument manufacturer may
rmine CO, quench by using‘a gas divider that blends binary span gases with zero gas as
neets the specifications in 9.2.3, or good engineering judgment shall be used to develoj
pcol:

PTFE or stainlesssteel tubing shall be used to make necessary connections.

The gas divider shall be configured such that nearly equal amounts of the span and d
hre blended with each other.

fthe CLD analyser has an operating mode in which it detects NO-only, as opposed to to

rified after

lich inhibits

hemiluminescent reaction that a CLD utilizes to detect NO,. This procedure and the calculations in

of H,0 and
ses quench
ch shall be

b quench of
ind the H,0
be taken by
e corrective

be used to
the diluent
b a different

luent gases

tal NO,, the

[[:D analyser shall be operated in the NO-only operating mode

d) A CO, span gas that meets the specifications of 9.2 and a concentration that is approximately twice

the maximum CO, concentration expected during emission testing shall be used.

e) A NO span gas that meets the specifications of 9.2 and a concentration that is approximately

twice the maximum NO concentration expected during emission testing shall be u

sed. Higher

concentration may be used according to the instrument manufacturer's recommendation and good
engineering judgement in order to obtain accurate verification, if the expected NO concentration is
lower than the minimum range for the verification specified by the instrument manufacturer.

f) The CLD analyser shall be zeroed and spanned. The CLD analyser shall be spanned with the NO
span gas from e) of this subclause through the gas divider. The NO span gas shall be connected to

the span port of the gas divider; a zero gas shall be connected to the diluent port of the

gas divider;

the same nominal blend ratio shall be used as selected in b) of this subclause; and the gas divider's
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g)

h)

j)

k)

D)

9.5.9.1.5 [H,0 quench verification procedure

output concentration of NO shall be used to span the CLD analyser. Gas property corrections shall
be applied as necessary to ensure accurate gas division.

The CO, span gas shall be connected to the span port of the gas divider.

The NO span gas shall be connected to the diluents port of the gas divider.

While flowing NO and CO, through the gas divider, the output of the gas divider shall be stabilized.
The CO, concentration from the gas divider output shall be determined, applying gas property
correction as necessary to ensure accurate gas division. This concentration, X:g,.,.» shall be
recorded and it shall be used in the quench verification calculations in 9.5.9.1.6.3. As an alternative

to using-a—ga Her-ahe p1e-£a5—1 R g-aeviceay-ve-usea—H+n ase-af-anayyser
shall bg used to determine CO, concentration. If a NDIR is used together with a simple gas bleniding
device, [it shall meet the requirements of this subclause and it shall be spanned with the €0, $pan
gas from d). The linearity of the NDIR analyser has to be checked before over the whole range uip to
twice of the expected maximum CO, concentration expected during testing.

The NQ concentration shall be measured downstream of the gas divider with*the CLD analjser.
Time shall be allowed for the analyser response to stabilize. Stabilization time may include fime
to purge the transfer tube and to account for analyser response. While-the analyser measjures
the sanmiple's concentration, the analyser's output shall be recorded for.30"s. The arithmetic mean
concentration shall be calculated from these data, Xygmeas- XNOmeas Shdll be recorded and it shdll be
used in|the quench verification calculations in 9.5.9.1.6.3.

The actjual NO concentration shall be calculated at the gas divider's outlet, xyq,.., based on the gpan
gas corjcentrations and x¢,,.; according to Formula (8). Thecalculated value shall be used in the
quench|verification calculations in Formula (7).

The vajues recorded according to 9.5.9.1.4 and 9.5:9.1.5 shall be used to calculate quench as
describled in 9.5.9.1.6.3.

Except wh¢re it can be demonstrated by engineering analysis that the combined CO, and |H,0
interference for the NO, CLD analyser always affects the brake-specific NO, emission results withijn no
more than 41 % of the applicable NO, standard for the NO, sampling system and the emission calculdtion
procedures| the following method or-the method prescribed by the instrument manufacturer |may
be used to fletermine H,0 quengh, or good engineering judgment shall be used to develop a diffgrent

protocol:

a)
b)

<)

d)

90

PTFE o stainless steel'tubing shall be used to make necessary connections.

If the CLD analyser’has an operating mode in which it detects NO-only, as opposed to total NOJ, the
CLD anplyser shall be operated in the NO-only operating mode.

A NO spangas shall be used that meets the specifications of 9.2 and a concentration that is pear
the makimum concentration expected during emission testing. Higher concentration may be jised
according to the instrument manufacturer's recommendation and good engineering judgement in
order to obtain accurate verification, if the expected NO concentration is lower than the minimum
range for the verification specified by the instrument manufacturer.

The CLD analyser shall be zeroed and spanned. The CLD analyser shall be spanned with the NO
span gas from c) of this subclause, the span gas concentration shall be recorded as xyqgry, and it
shall be used in the quench verification calculations in 9.5.9.1.6.3.

The NO span gas shall be humidified by bubbling it through distilled water in a sealed vessel. If
the humidified NO span gas sample does not pass through a sample dryer for this verification test,
the vessel temperature shall be controlled to generate an H,0 level approximately equal to the
maximum mole fraction of H,0 expected during emission testing. If the humidified NO span gas
sample does not pass through a sample dryer, the quench verification calculations in 9.5.9.1.6.3
scale the measured H,0 quench to the highest mole fraction of H,0 expected during emission
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f)

g)

h)

j)

9.5.9.1.6 CLD quench verification calculations

CLD

9.5.9.1.6.1 Amount of water expected during testing

The

This
estifnating the maximmim expected mole fraction of water, the maximum expected wate

com

humlidified NO‘span gas is introduced into the sample system upstream of a sample dryet

veri
shal

9.5.9.16.2 AmountofCO, expectedduringtesting |

The

estimate shall be made at the sample system location where the blended

ISO 8178-

1:2020(E)

testing. If the humidified NO span gas sample passes through a dryer for this verification test,

the vessel temperature shall be controlled to generate an H,0 level at least as high
determined in 5.2.2.3.1. For this case, the quench verification calculations in 9.5.9.1.6.3
the measured H,0 quench.

The humidified NO test gas shall be introduced into the sample system. It may be

as the level
do not scale

introduced

upstream or downstream of a sample dryer that is used during emission testing. Depending on

the point of introduction, the respective calculation method of e) shall be selected. No

sample dryer shall meet the sample dryer verification check in 9.8.5.8.

te that the

The mole fraction of H,0 in the humidified NO span gas shall be measured. In case a sample dryer

S USed, the mote fraction of H,0 1 the humidiffed NOspan gas shall be measured dov
the sample dryer, Xy50meas- MEASUre Xy50meas aS close as possible to the CLD analyserin
may be calculated from measurements of dew point, T, and absolute pressure;py:.;-

Good engineering judgment shall be used to prevent condensation in the transfer tubeg
valves from the point where Xy, 64 IS measured to the analyser. The syStem should
50 the wall temperatures in the transfer tubes, fittings, and valves fronrthe point wherg
measured to the analyser are at least 5 °C above the local sample gagdew point.

Che humidified NO span gas concentration shall be measured with the CLD analyser
be allowed for the analyser response to stabilize. Stabilizatién time may include tin
Lhe transfer tube and to account for analyser response. While the analyser measures ]
concentration, the analyser's output shall be recorded_for 30 s. The arithmetic me]
Calculated of these data, Xygwer- XNowet Shall be recerded and used in the quench
Calculations in 9.5.9.1.6.3.

A NO, CLD analyser that does not meet this vérification may be used, as long as a c
hpplied and the measurement deficiency doestnot adversely affect the ability to demo
the engine complies with all applicable emission limits.

quench-check calculations shall'‘bé performed as described in this subclause.

maximum expected(Mole fraction of water during emission testing, Xy;gey, shall be
estimate shall be ‘/made where the humidified NO span gas was introduced in 9.5.9.1

bustion air, fuel/combustion products, and dilution air (if applicable) shall be consid

ication fest, it is not needed to estimate the maximum expected mole fraction of water
be set'equal to Xy50meas

nstream of
et. XHZOmeas

, fittings, or
be designed

F XH20meas 1S

Time shall
he to purge
he sample's
an shall be
verification

brrection is
nstrate that

estimated.
.5 f). When
" content in
ered. If the
during the

and XH20exp

maximum expected CO, concentration during emission testing, x¢q,

exp Shall be estimated. This
NpO and CO, span gases are

introduced according to 9.5.9.1.4 j). When estimating the maximum expected CO, concentration, the
maximum expected CO, content in fuel combustion products and dilution air shall be considered.
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9.5.9.1.6.3 Combined H,0 and CO, quench calculations
Combined H,0 and CO, quench shall be calculated as follows:
- o, -
Eqip= 1_:H20meas -1 Xtzoexp + X:Omeas -1 icoz'exp x100% (7)
NOgyy H,0meas NO, CO, act
where ] _
Ecip is amount of CLD quench;
XNodry | 1S measured concentration of NO upstream of a bubbler, according to 9.5.9.1.5-d);
XNowet | 1S measured concentration of NO downstream of a bubbler, according £0.9.5.9.1.5 i);
XH20exp| 1S Maximum expected mole fraction of water during emission testipgaccording to 9.5.9.1.6.1;
Xy20meas 1S measured mole fraction of water during the quench verification according to 9.5.9.1)5.g);
XNomeas| 1S measured concentration of NO when NO span gas is blefided with CO, span gas, according
t0 9.5.9.1.4));
XNoact | isactual concentration of NO when NO span gas is,blended with CO, span gas, according to
9.5.9.1.4 k) and calculated according to Formula\(8);
Xcozexp| 1S maximum expected concentration of CO during emission testing, according to 9.5.9.1.6.2;
Xcozact | 1S actual concentration of CO, when NO span gas is blended with CO, span gas, according
t0 9.5.9.1.4 ).
XC0p aet
*No,, T 1_@ XNOSpan (8)
where
XNospan| 1S the NO span‘gas concentration input to the gas divider, according to 9.5.9.1.4 e);
Xcozspar| 1S the CO,Span gas concentration input to the gas divider, according to 9.5.9.1.4 d).
9.5.9.2 NPUV analyser HC and H,0 interference verification
9.5.9.2.1 [Scope and frequency

If NO, is measured using an NDUV analyser, the amount of H,0 and hydrocarbon interference shall be
verified after initial analyser installation and after major maintenance.

9.5.9.2.2 Measurement principles

Hydrocarbons and H,0 can positively interfere with a NDUV analyser by causing a response similar to
NO,. If the NDUV analyser uses compensation algorithms that utilize measurements of other gases to
meet this interference verification, simultaneously such measurements shall be conducted to test the
algorithms during the analyser interference verification.

92
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9.5.9.2.3 System requirements

A NO, NDUV analyser shall have combined H,0 and HC interference within +2 % of the flow-weighted
mean concentration of NO, that would correspond to the applicable limit value.

9.5.9.2.4 Procedure
The interference verification shall be performed as follows:

a) TheNO, NDUV analyser shall be started, operated, zeroed, and spanned according to the instrument
manufacturer's instructions.

b) Extractengine exhaustto perform this verification. A CLD shall be used that meets the'specifications
pf Clauses 5.3, 6 and 7.3 to quantify NO, in the exhaust. The CLD response shallybe used as the
Feference value. Also HC shall be measured in the exhaust with a FID analyser that meets the
specifications of Clause 7.3. The FID response shall be used as the reference hydrocarbopn value.

c) Upstream of any sample dryer, if one is used during testing, the engine exhaust shall bgintroduced
nto the NDUV analyser.

d) [ime shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the transfer tube and to account for analyser response,

e) While all analysers measure the sample's concentration;;30 s of sampled data shall he recorded,
hnd the arithmetic means for the three analysers calculated;

f) [The CLD mean shall be subtracted from the NDUV mean.

g) [This difference shall be multiplied by the ratie of the expected mean HC concentratign to the HC
roncentration measured during the verification. The analyser meets the interference verification
pf this subclause if this result is within +2-04 of the NO, concentration expected at the sfandard:

_ _ . Xuekwp <2 0p%(% 9
XNOX,CLD,meas _XNOX,NDUV,meas| ~ =470 (XNOx,exp ) [ )
HC,meas

whete

KNO.cLD,meas 1S the flow<weighted mean concentration of NO, measured by CLD [pmol/mol];

KNO,NDUV.meas  1S(theflow-weighted mean concentration of NO, measured by NDUV [pumjol/mol];

KHC,meas 15'the flow-weighted mean concentration of HC measured [umol/mol];
KHC, exo is the flow-weighted mean concentration of HC expected at the standard [pmol/mol];
KNG Sxp is the flow-weighted mean concentration of NO, expected at the standard [umol/mol].

9.5.9.2.5 Cooling bath (chiller) requirements

It shall be demonstrated that for the highest expected water vapour concentration H,, the water
removal technique maintains CLD humidity at <5 g water/kg dry air (or about 0,8 volume % H,0),
which is 100 % relative humidity at 3,9 °C and 101,3 kPa. This humidity specification is also equivalent
to about 25 % relative humidity at 25 °C and 101,3 kPa. This may be demonstrated by measuring the
temperature at the outlet of a thermal dehumidifier, or by measuring humidity at a point just upstream
of the CLD.
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9.5.9.3 Cooling bath (chiller) NO, penetration

9.5.9.3.1 Scope and frequency

If a cooling bath (chiller) is used to dry a sample upstream of a NO, measurement instrument, but no
NO,-to-NO converter is used upstream of the cooling bath, this verification shall be performed for
cooling bath NO, penetration. This verification shall be performed after initial installation and after
major maintenance.

9.5.9.3.2 Measurement principles

A cooling llvath (chiller) removes water, which can otherwise interfere with a NO, measurerJlent.

However, li

uid water remaining in an improperly designed cooling bath can remove NOfron
cooling bath is used without an NO,-to-NO converter upstream, it could therefore ren
e sample prior NO, measurement.

System requirements

shall allow for measuring at least 95 % of the total NO, at®he maximum expe
pbn of NO,.

Procedure
hg procedure shall be used to verify chiller performance:

nent setup. The analyser and chiller manufacturers' start-up and operating instruct
followed. The analyser and chiller shall be adjusted as needed to optimize performanc

ent setup and data collection.

e total NO, gas analyser(s) shall be zeroed and spanned as it would be before emis
fing.

h calibration gas (balance gas of dry air) that has an NO, concentration that is neat
imum expected during testing shall be selected. Higher concentration may be

the
hove

cted

ions

sion

the
ised

rding to the instrument inanufacturer's recommendation and good engineering judgement

in prder to obtain accurate-verification, if the expected NO, concentration is lower thar
minimum range for the verification specified by the instrument manufacturer.

s calibration gasshall be overflowed at the gas sampling system's probe or overflow fit
ne shall be altawed for stabilization of the total NO, response, accounting only for trans
hys and instrument response.

p meanof 30 s of recorded total NO, data shall be calculated and this value recordg

xref

the

ting.
port

d as

5) TheTlowing of the NU, calibration gas shall be stopped.

6) Nextthe sampling system shall be saturated by overflowing a dew point generator's output, set
at a dew point of 50 °C, to the gas sampling system's probe or overflow fitting. The dew point
generator's output shall be sampled through the sampling system and chiller for at least 10 min
until the chiller is expected to be removing a constant rate of water.

7) lItshall be immediately switched back to overflowing the NO, calibration gas used to establish
Xnoxrer- 1t shall be allowed for stabilization of the total NO, response, accounting only for
transport delays and instrument response. The mean of 30 s of recorded total NO, data shall be
calculated and this value recorded as Xygymeas-

sample. If a
NO, from t}
9.5.9.3.3
The chiller
concentrati
9.5.9.3.4
The followi
a) Instrun
shall bd
b) Equipm
1) Th
tes
2) NO
mal
ac
3) Th
Tin
del
4) Th
XNg
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8) Xnoxmeas Shall be corrected to xygyqr, based upon the residual water vapour that passed

through the chiller at the chiller's outlet temperature and pressure.

¢) Performance evaluation. If Xygyq4ry is less than 95 % of xyoyep the chiller shall be repaired or
replaced.

9.5.9.4

Interference verification for SO, NDIR or FTIR analysers

9.5.9.4.1 Scope and frequency

IfS
anal

9.5.

Inte

ser installation and after major maintenance

4.2 Measurement principles

ference gases can positively interfere with certain analysers by causing a'résponse sin

If the analyser uses compensation algorithms that utilize measurements @of ‘other gases t

intet
algo

Whs
a)

b)

ference verification, simultaneously conduct these other measurements to test the co
Fithms during the analyser interference verification.

after initial

hilar to SO,.
0 meet this
mpensation

n running the interference verification for these analysers, use(nterference gases as fo

species, with the exception of H,0, are dependent on the SO, infrared absorption ban
[he instrument manufacturer. For each analyser determine the SO, infrared absorptio
pach SO, infrared absorption band, good engineering judgment shall be used to deter
nterference gases to use in the verification.

Good engineering judgment shall be used to‘determine interference gases for FTIR ana
Lhat interference species, with the exception of H,0, are dependent on the SO, infrared
band chosen by the instrument manufacturer. For each analyser determine the S
hbsorption band. For each SO, infrargéd absorption band, good engineering judgment sl
fo determine interference gasestouse in the verification.

9.5.9.4.3 System requirements

S0,
cong

analysers shall have.combined interference that is within 2 % of the flow-weig
entration of SO, expeeted during testing or expected at standard, if applicable.

9.5.9.4.4 Procedure

The
a)

interference verification shall be performed as follows:

The SO, analyser shall be started, operated, zeroed, and spanned as it would bg
bmission test.

Eows:
[he interference gases for NDIR analysers are CO, CO,,NQ/ C;Hg and H,0 Note that interference

1 chosen by
n band. For
mine which

lysers. Note
absorption
D, infrared
hall be used

hted mean

before an

b)

A humidified interference test gas shall be created by bubbling a multi component span gas

through distilled H,O in a sealed vessel. If the sample is not passed through a dryer the vessel
temperature shall be controlled to generate an H,0 level at least as high as the maximum expected
during emission testing. If the sample is passed through a dryer during emission testing, the vessel
temperature shall be controlled to generate an H,0 level at least as high as the level determined
in 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as the maximum
expected during testing.

The humidified interference test gas shall be introduced into the sample system. The humidified

interference test gas may be introduced downstream of any sample dryer, if one is used during
testing.
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d)

The water mole fraction, Xy, ., of the humidified interference test gas shall be measured, as close as

possible to the inlet of the analyser. For example, dew point, Ty, and absolute pressure, p,,,), shall
be measured to calculate xy,q.

valves from the point where x,( is measured to the analyser.

f)
g)

Time shall be allowed for the analyser response to stabilize.

arithmetic mean of this data shall be calculated.

Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or

While the analyser measures the sample’s concentration, its output shall be recorded for 30 s. The

h) The anj
Interfel
interfer
observsg
ratio of]
Separat
than th
shall be
H,0 co
interfer

9.59.5 C
techniques

For FTIR ar
to the instr

9.5.9.5.1
(NDUVR m

There are c
be measurd
readings, if

9.5.9.5.2

NO and N
activated. R
spacing bet
compensati
than +2 % f
the corresp

ilyser meets the interference verification if the result of g) meets the tolerance in 9.594

ence procedures for individual interference gases may also run separately. If]
ence gas levels used are higher than the maximum levels expected during'testing,
ed interference value may be scaled down by multiplying the observed interference by
the maximum expected concentration value to the actual value used during this proced
e interference concentrations of H,0 (down to 0,025 mol/mol H,O content) that are 1
e maximum levels expected during testing may be run, but the observed H,0 interfer
scaled up by multiplying the observed interference by the ratig ofthe maximum expe
hcentration value to the actual value used during this procedure. The sum of the sq
ence values shall meet the tolerance for combined interferefice as specified in 9.5.9.4.3

ross-interference check compensation for NH; channels using IR and UV measuren

d NDUV measurement systems, the cross-interference check shall be conducted accor
Iiment manufacturer's instructions.

Procedure for establishing the cross-interference correction for NH; analysers
bthod)

ross-interferences to nitrogen oxide (NO) and nitrogen dioxide (NO,). Both components
d with the measurement equipment and a compensation shall be applied to the ana
the cross-interference exgeeds 2 % full scale.

Check of the cross-interferences

D, calibration -gdases are fed into the analyser with cross-interference compens:
or each component, at least five different calibration gas concentrations with equidis
ween zero gnd the maximum expected interference gas concentration shall be used fo
pn check. The maximum deviation of the NH; reading from the zero reading shall be
ull seale of the commonly used range. If the deviation is higher, a new correction curv|
onding interference component shall be established and applied to the analyser read

The use of

3.

the
each
 the
lure.
wer
ence
cted
aled

nent

ding

shall
yser

ition
tant
- the
less
e for
ngs.

single-blend gases is possible, as well as the use of gas mixtures containing two or 1

nore

interference gases.

9.5.9.5.3

9.5.9.5.3.1

Procedure for the generation of cross-interference correction curves

NO cross-interference

Calibration gases with at least five different NO concentrations that have to be spread equidistantly
over the used NO analyser range during measurement shall be fed into the NH; analyser.

The nominal NO values and the measured NH; concentrations have to be recorded. Using a least-squares
fit for a suitable fit function (e.g. polynomial fit function) f(Cyc), a correction curve to compensate
for the NO cross-interference is calculated. The number of fit points has to be higher by at least two
than the number of fit parameters (e.g. polynomial of fourth order needs at least seven fit points). The
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correction values Cyy3z compensated = CNH3_not compensated ~ f(Cno) should be within +1 % full scale of the

anal

yser zero reading.

9.5.9.5.3.2 NO, cross-interference

The procedure for NO, is equivalent to that for NO, span gases. The result is the correction curve

f(Cxno2):

The calibration gases used for establishing the cross-interference compensation curves shall be
single-blend mixtures. The use of gas mixtures with two or more interference gases is not allowed for
generating the cross-interference compensation curves.

The

Afte
chea

9.5.9.6

following compensation calculation should be done by the measurement system:

wNH3_c0mpensated = CNH3_not compensated _f(CNO) _f(CNOZ)

 the compensation curves have been established, the cross-interferenee*compensat
ked by the procedures given in 9.5.9.5.1.

Interference verification for N,0 analysers

9.5.9.6.1 Scope and frequency

If N,
veri

ied after initial analyser installation and after major'maintenance.

9.5.9.6.2 Measurement principles

Inte
If th
intel
algo

Whd
a)

b)

e analyser uses compensation algorithms that utilize measurements of other gases f
ference verification, simultaneously‘conduct these other measurements to test the co
Fithms during the analyser interference verification.

The interference gases for-NDIR analysers are CO, CO,, H,0, CH,, and SO,. Note that i
species, with the exgeption of H,0, are dependent on the N,0 infrared absorption ban
Lhe instrument mahufacturer. For each analyser determine the N,O infrared absorptig
pach N,O infrarédyabsorption band, good engineering judgment shall be used to deter
nterference gases to use in the verification.

Good engitieering judgment shall be used to determine interference gases for FTIR
nfraredahalysers. Note that interference species, with the exception of H,0, are deper
N,Q:infrared absorption band chosen by the instrument manufacturer. For each analyse
[ie;N,O infrared absorption band. For each N,O infrared absorption band, good

n running the interference yerification for these analysers, use interference gases as folLll

(10)

on shall be

O is measured using NDIR, FTIR or laser infrared analyser, the amount of interferefce shall be

rference gases can positively interfere withicertain analysers by causing a response sinilar to N,O.

0 meet this
mpensation

OWS:

terference
i chosen by
n band. For
mine which

, and laser
dent on the
r determine
bngineering

udagment shall be used to determine interrerence gases to use In the verirication.

9.5.9.6.3 System requirements

Analysers shall have combined interference that is within 1,0 pmol/mol.

9.5.9.6.4 Procedure

The

interference verification shall be performed as follows:

a) The N,0 analyser shall be started, operated, zeroed, and spanned as it would be before an

emission test.
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b) A humidified interference test gas shall be created by bubbling a multi component span gas
through distilled H,O in a sealed vessel. If the sample is not passed through a dryer the vessel
temperature shall be controlled to generate an H,O level at least as high as the maximum expected
during emission testing. If the sample is passed through a dryer during emission testing, the vessel
temperature shall be controlled to generate an H,O level at least as high as the level determined
in 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as the maximum
expected during testing.

¢) The humidified interference test gas shall be introduced into the sample system. The humidified
interference test gas may be introduced downstream of any sample dryer, if one is used during
testing.

d) The wafer mole fraction, xy,(, of the humidified interference test gas shall be measured, ascloge as
possiblg to the inlet of the analyser. For example, dew point, Ty, and absolute pressure;pg,), shall
be meapured to calculate xy,,.

e) Good engineering judgment shall be used to prevent condensation in the transfer’tubes, fittings, or
valves from the point where xy;, is measured to the analyser.

f) Time shall be allowed for the analyser response to stabilize.

g) While the analyser measures the sample’s concentration, its output shall be recorded for 30 s} The
arithmetic mean of this data shall be calculated.

h) The anglyser meets the interference verification if the result of g) meets the tolerance in 9.5.9.6.3.

i) Interfefence procedures for individual interference gases may also run separately. If| the
interfeffence gas levels used are higher than the maximum levels expected during testing, pach
observ¢d interference value may be scaled down by multiplying the observed interference by the
ratio of[the maximum expected concentration valugto the actual value used during this procedure.
Separate interference concentrations of H,0 (down to 0,025 mol/mol H,0 content) that are lpwer

maximum levels expected during testing may be run, but the observed H,O0 interfergnce

shall bg scaled up by multiplying the observed interference by the ratio of the maximum expected

H,0 copcentration value to the actualvalue used during this procedure. The sum of the sdaled

interfeffence values shall meet the tolerance for combined interference as specified in 9.5.9.6.3

9.5.9.7 Interference verification-for NO, laser infrared analysers

9.5.9.7.1 [Scope and frequehcy
If the NO, [is determined\by summing NO and NO, concentrations measured using laser infrpred
analyser, the amount of interference shall be verified after initial analyser installation and after major

maintenande.

easurement principles

Interference gases can positively interfere with certain laser infrared analyser by causing a response
similar to NO and NO,. If the analyser uses compensation algorithms that utilize measurements of other
gases to meet this interference verification, simultaneously conduct these other measurements to test
the compensation algorithms during the analyser interference verification.

Good engineering judgment shall be used to determine interference gases for laser infrared analyser.
Note that interference species, with the exception of H,0, are dependent on the NO and NO, infrared
absorption band chosen by the instrument manufacturer. For each analyser determine the NO and NO,
infrared absorption band. For each NO and NO, infrared absorption band, good engineering judgment
shall be used to determine interference gases to use in the verification.
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9.5.9.7.3 System requirements

A NO and NO, analyser shall have combined interference within #2 % of the flow-weighted mean
concentration of NO, that would correspond to the applicable limit value.

9.5.9.7.4 Procedure

The interference verification shall be performed as follows:

a)

The NO and NO, analyser shall be started, operated, zeroed, and spanned as it would be before an
emission test.

A humidified interference test gas shall be created by bubbling a multi Componetllt span gas
through distilled H,0 in a sealed vessel. If the sample is not passed through a‘dryer the vessel
femperature shall be controlled to generate an H,O0 level at least as high as the makimum expected

b)

Huring emission testing. If the sample is passed through a dryer during emission testin
femperature shall be controlled to generate an H,0 level at least as high as"the level
n 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as th

5, the vessel
determined
P maximum

bxpected during testing.

c) [(he humidified interference test gas shall be introduced into the‘sample system. Thel humidified
nterference test gas may be introduced downstream of any sample dryer, if one is @ised during
festing.

d) ['he water mole fraction, xy;,, of the humidified interference test gas shall be measured, as close as
possible to the inlet of the analyser. For example, dewpoint, Tj,,,, and absolute pressure, p, ., shall
be measured to calculate xy,(.

e) [Good engineering judgment shall be used to prevent condensation in the transfer tubeg, fittings, or
valves from the point where x;, is measured to the analyser.

f) [lime shall be allowed for the analyser fesponse to stabilize.

g) MWhile the analyser measures the-sample’s concentration, its output shall be recorded fpr 30 s. The
hrithmetic mean of this data shallbe calculated.

h) [Che analyser meets the interference verification if the result of g) meets the tolerance in 9.5.9.7.3.

i) [nterference procedures for individual interference gases may also run separately. If the
nterference gas levels used are higher than the maximum levels expected during t¢sting, each
pbserved interference value may be scaled down by multiplying the observed interference by the
Fatio of the mdximum expected concentration value to the actual value used during thig procedure.
Separate intgrference concentrations of H,0 (down to 0,025 mol/mol H,0 content) that are lower
fhan the(maximum levels expected during testing may be run, but the observed H,0 interference
chall bescaled up by multiplying the observed interference by the ratio of the maximu‘El expected
H, 0 concentration value to the actual value used during this procedure. The sum of the scaled

nterference values shall meet the tolerance for combined interference as specified in 9]5.9.7.3.

9.5.10 Methanol response factor

When the FID analyser is to be used for the analysis of hydrocarbons containing methanol, the methanol
response factor (r,,,) of the analyser shall be established.

A known volume of methanol (g, in millilitres) is injected, using a microlitre syringe, into the heated
mixing zone [122 °C] of a septum injector, vapourized and swept into a tedlar bag with a known volume
of zero-grade air (b, in cubic metres). The air volume(s) shall be such that the methanol concentration in
the bag is representative of the range of concentrations found in the exhaust sample.
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The bag sample is analysed using the FID, and the response factor is calculated as follows:

X
ry =1 (11)
Csam
where
Xpp  is the FID reading, in parts per million (microlitres per litre) of C;
csam 1S the methanol concentration in the sample bag in pumol/molC, as calculated from a and
iCoap =594 x a/b.
In case the ¢alculation is not performed a response factor r , of 0,63 shall be used.
9.6 Calibration of the particulate mass measuring system
9.6.1 Ge:[eral
Each compgnent shall be calibrated as often as necessary to fulfil the accuraey requirements of| this
document. [The calibration method to be used is described in this subtlause for the components
indicated in Clause 8.
9.6.2 Ch¢cking the partial flow conditions
The range pf the exhaust gas velocity and the pressure oscillations shall be checked and adjusted
according tp the requirements of 8.3.2, exhaust pipe explanations are also shown in Figures E.1 tq E.8,
if applicablg.
9.6.3 PM|balance verifications and weighing process verification
9.6.3.1 S¢ope and frequency
This subclapise describes three verifications.
a) indepe;Ldent verification of PM balance performance within 370 days prior to weighing any filter;
b) zero and span of the balancé within 12 h prior to weighing any filter;
c) verificgtion that the miass determination of reference filters before and after a filter weighing
session|be less than.aspecified tolerance.
9.6.3.2 Independent verification
The balanc¢ manufacturer (or a representative approved by the balance manufacturer) shall verify the
balance perfformance within 370 days of testing in accordance with internal audit procedures.

9.6.3.3 Zeroing and spanning

Balance performance shall be verified by zeroing and spanning it with at least one calibration weight,
and any weights that are used shall meet the specifications in 8.1.5.2 to perform this verification. A
manual or automated procedure shall be used:

a)

A manual procedure requires that the balance shall be used in which the balance shall be zeroed

and spanned with atleast one calibration weight. If normally mean values are obtained by repeating
the weighing process to improve the accuracy and precision of PM measurements, the same process
shall be used to verify balance performance.
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b) Anautomated procedure is carried out with internal calibration weights that are used automatically

to verify balance performance. These internal calibration weights shall meet the specifications in
8.1.5.2 to perform this verification.

9.6.3.4 Reference sample weighing

All mass readings during a weighing session shall be verified by weighing reference PM sample media
(e.g. filters) before and after a weighing session. A weighing session may be as short as desired, but
no longer than 80 hours, and may include both pre- and post-test mass readings. Successive mass
determinations of each reference PM sample media shall return the same value within #10 ug or
+10 9 i is hi i ilter weighing
ever]ts fail this criterion, all individual test filter mass readings mass readings occurring-\letween the
succgssive reference filter mass determinations shall be invalidated. These filters may lbe|re-weighed
in afother weighing session. Should a post-test filter be invalidated then the test interval {s void. This

veri

a)

b)

f)

g)

h)

j)

ication shall be performed as follows:

At least two samples of unused PM sample media shall be kept in the PM-stabilization environment.
These shall be used as references. Unused filters of the same material and size shall be selected for
ise as references.

References shall be stabilized in the PM stabilization environment. References shall be| considered
stabilized if they have been in the PM-stabilization envirofiment for a minimum of 30 min, and
the PM-stabilization environment has been within the-Specifications of 8.1.5.1 for pht least the
preceding 60 min.

Che balance shall be exercised several times with a_reference sample without recording the values.

[he balance shall be zeroed and spanned. A test mass shall be placed on the balance (e.g| calibration
iveight) and then removed ensuring that thesbalance returns to an acceptable zero reading within
Lhe normal stabilization time.

Fach of the reference media (e.g. filters) shall be weighed and their masses recorded.|If normally
nean values are obtained by repeadtirig the weighing process to improve the accuracy and precision
bf reference media (e.g. filters) masses, the same process shall be used to measure megan values of
kample media (e.g. filters) masses.

The balance environment-dew point, ambient temperature, and atmospheric pressyre shall be
Fecorded.

The recorded ambient conditions shall be used to correct results for buoyancy as described in
D.6.3.5. The budyahcy-corrected mass of each of the references shall be recorded.

Fach of the\reference media's (e.g. filter's) buoyancy-corrected reference mass shall bg subtracted
from its\previously measured and recorded buoyancy-corrected mass.

f dny of the reference filters' observed mass changes by more than that allowed|under this
subclause, all PM mass determinations made since the last successful reference medig (e.g. filter)
mass validation shall be invalidated. Reference PM filters maybe discarded if only one of the filters
mass has changed by more than the allowable amount and a special cause for that filter's mass
change can be positively identified which would not have affected other in-process filters. Thus the
validation can be considered a success. In this case, the contaminated reference media shall not be
included when determining compliance with j) of this subclause, but the affected reference filter
shall be discarded and replaced.

If any of the reference masses change by more than that allowed under 9.6.3.4, all PM results that
were determined between the two times that the reference masses were determined shall be
invalidated. If reference PM sample media is discarded according to i) of this subclause, at least
one reference mass difference that meets the criteria in 9.6.3.4 shall be available. Otherwise, all PM
results that were determined between the two times that the reference media (e.g. filters) masses
were determined shall be invalidated.
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9.6.3.5 PM sample filter buoyancy correction

9.6.3.5.1

General

PM sample filter shall be corrected for their buoyancy in air. The buoyancy correction depends on the
sample media density, the density of air, and the density of the calibration weight used to calibrate the
balance. The buoyancy correction does not account for the buoyancy of the PM itself, because the mass
of PM typically accounts for only (0,01 to 0,10) % of the total weight. A correction to this small fraction
of mass would be at the most 0,010 %. The buoyancy-corrected values are the tare masses of the PM
samples. These buoyancy-corrected values of the pre-test filter weighing are subsequently subtracted

from the bt nyam‘y—rnrrp(‘tpd values of the post-test wpighing of the rnrrpcpnnding filter to determine
the mass of|[PM emitted during the test.
9.6.3.5.2 [PM sample filter density
Different PM sample filter have different densities. The known density of the sample‘media sha]l be
used, or ong of the densities for some common sampling media shall be used, as follows:
a) For PTFE-coated borosilicate glass, a sample media density of 2 300 kg/m?3 shall be used.
b) For PTKFE membrane (film) media with an integral support ring of polymethylpentene that accounts

for 95 % of the media mass, a sample media density of 920 kg/m3 shall be used.
c¢) For PTFE membrane (film) media with an integral support ringéf PTFE, a sample media density of

2 144 Kjg/m3 shall be used.
9.6.3.5.3 ir density
Because a BM balance environment shall be tightly confrolled to an ambient temperature of (22 + [L) °C
and a dew point of (9,5 = 1) °C, air density is primarily function of atmospheric pressure. Therefgre a
buoyancy cprrection is specified that is only a function of atmospheric pressure.
9.6.3.5.4 [Calibration weight density
The stated ¢lensity of the material of thie-metal calibration weight shall be used.
9.6.3.5.5 [Correction calculation
The PM sanpple filter shall be.corrected for buoyancy using the following formulae:

1— Phir
pweight
mCOI' :muncor p (12)
1— air
pmpdin
/

where

Meor is PM sample filter mass corrected for buoyancy;

Mypcor 1S PM sample filter mass uncorrected for buoyancy;

Pair is density of air in balance environment;

Pweight 1S density of calibration weight used to span balance;

Pmedia 1S density of PM sample filter.
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*
p. P2 Mmix (13)
air R*Ta
where
P is absolute pressure in balance environment;
M_;,  is molar mass of air in balance environment;
R is molar gas constant;
[, is absolute ambient temperature of balance environment.

9.7 | Calibration of the particle number measuring system

9.7.1 Calibration of the particle number counter

cate for the
bnth period

Bass
PNC
prio

|

by comparison of the response of the PNC urider calibration with that of a calibrdted aerosol

d on the agreement between the parties involved, the existence of & calibration certifi
shall be ensured, demonstrating compliance with a traceable stanidard within a 12-m
" to the emissions test.

The
ma

PNC shall also be recalibrated and a new calibration<certificate issued following
tenance.

any major

—

Calibpration shall be traceable to a standard calibration miethod:

a)

blectrometer when simultaneously sampling.electrostatically classified calibration par

by comparison of the response of the PNC under calibration with that of a second PN
been directly calibrated by the above method.

e electrometer case, calibrationr shall be undertaken using at least six standard con

ticles; or

" which has

centrations

eanominal
22:2008, or
to the PNC
ntration for
ration shall

d as uniformly as possible acressthe PNC’s measurementrange. These points will inclug
zero| concentration point produeced by attaching HEPA filters of at least class H13 of EN 18
equivalent performance, to the inlet of each instrument. With no calibration factor applied
undé¢r calibration, measured-concentrations shall be within +10 % of the standard conce
each concentration used, with the exception of the zero point, otherwise the PNC under calih
be r¢jected. The gradient’from a linear regression of the two data sets shall be calculated anjd recorded.
A calibration factor'equal to the reciprocal of the gradient shall be applied to the PNC under|calibration.
Lineprity of response is calculated as the square of the Pearson product moment correlation coefficient
(R?)|of the tweo,data sets and shall be equal to or greater than 0,97. In calculating both the gradient and
RZ2 the linearrégression shall be forced through the origin (zero concentration on both instfuments).

O]

In the reference PNC case, calibration shall be undertaken using at least six standard corlcentrations

the remaining concentrations shall be llnearly spaced between 1 000 cm™3 and the maximum of the
PNC’s range in single particle count mode. These points will include a nominal zero concentration point
produced by attaching HEPA filters of at least class H13 of EN 1822:2008, or equivalent performance, to
the inlet of each instrument. With no calibration factor applied to the PNC under calibration, measured
concentrations shall be within 10 % of the standard concentration for each concentration, with the
exception of the zero point, otherwise the PNC under calibration shall be rejected. The gradient from
a linear regression of the two data sets shall be calculated and recorded. A calibration factor equal to
the reciprocal of the gradient shall be applied to the PNC under calibration. Linearity of response is
calculated as the square of the Pearson product moment correlation coefficient (R%) of the two data sets
and shall be equal to or greater than 0,97. In calculating both the gradient and R? the linear regression
shall be forced through the origin (zero concentration on both instruments).
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Calibration shall also include a check, against the requirements in 8.4.3.2, on the PNC’s detection
efficiency with particles of 23 nm electrical mobility diameter. A check of the counting efficiency with
41 nm particles is not required.

9.7.2 Calibration/Validation of the volatile particle remover

Calibration of the VPR’s particle concentration reduction factors across its full range of dilution
settings, at the instrument’s fixed nominal operating temperatures, shall be required when the unit
is new and following any major maintenance. The periodic validation requirement for the VPR’s

particle concentration reductlon factor 1s llmlted to a check at a smgle setting, typlcal of that used
for measureme ' )
parties invqglved, the ex1stence ofa callbratlon or Vahdatlon certlflcate for the volatlle particle remjover
shall be engured within a 6-month period prior to the emissions test. If the volatile particle-remjover
incorporatgs temperature monitoring alarms a 12-month validation interval shall be permissible.

The VPR shall be characterised for particle concentration reduction factor with solid pdrticles of 30
50 nm and|100 nm electrical mobility diameter. Particle concentration reduction\actors (f.(d)) for
particles of|30 nm and 50 nm electrical mobility diameters shall be no more than.30-% and 20 % hi
respectively, and no more than 5 % lower than that for particles of 100 nm elegtri¢al mobility dia
For the purposes of validation, the mean particle concentration reduction factet shall be within +10 %
of the mearj particle concentration reduction factor (f,) determined during the primary calibrati¢n of
the VPR.

The test aerjosol for these measurements shall be solid particles 0of 30550 and 100 nm electrical mobility
diameter aijd a minimum concentration of 5 000 particles cm~3 at'the VPR inlet. Particle concentrations
shall be mefsured upstream and downstream of the components.

The particlg concentration reduction factor at each particle size (f.(d;)) shall be calculated as follows:
N. (d.)
fold)

out ( i )

where

N;, (d)) | is upstream particle numbet concentration for particles of diameter di;
N, (d}) is downstream particle-number concentration for particles of diameter d;

d.

1

is particle electrical mobility diameter (30, 50 or 100 nm).
N;, (d) and IV, (d;) shallbe/corrected to the same conditions.
The mean plarticle cénicentration reduction (f,) at a given dilution setting shall be calculated as follpws:

_ [, (BOnmJ+ f. (50nm)+ £ (100nm)

3 (15)

=

The VPR should be calibrated and validated as a complete unit.

Based on the agreement between the parties involved, the existence of a validation certificate for the
VPR shall be ensured, demonstrating effective volatile particle removal efficiency within a 6-month
period prior to the emissions test. If the volatile particle remover incorporates temperature monitoring
alarms a 12-month validation interval shall be permissible. The VPR shall demonstrate greater than
99,0 % removal of tetracontane (CH;(CH,)3;gCH3) particles of at least 30 nm electrical mobility diameter
with an inlet concentration of >10 000 particles/cm3 when operated at its minimum dilution setting
and manufacturers recommended operating temperature.
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9.7.3 Particle number system check procedures

Prior to each test, the particle counter shall report a measured concentration of less than
0,5 particles cm~=3 when a HEPA filter of at least class H13 of EN 1822:2008, or equivalent performance,
is attached to the inlet of the entire particle sampling system (VPR and PNC).

On a monthly basis, the flow into the particle counter shall report a measured value within 5 % of the
particle counter nominal flow rate when checked with a calibrated flow meter.

Each day, following the application of a HEPA filter of at least class H13 of EN 1822:2008, or equivalent

performance, to the inlet of the particle counter, the particle counter shall report a concentration

of < em——Ypor—removal-ofthisfiter—theparticte—ecounter—shalshow—an—inerease ) measured

condentration to at least 100 particles cm=3 when challenged with ambient air and a retut'nyfo <0,2 cm-3
on r¢placement of the HEPA filter.

Priof to the start of each test it shall be confirmed that the measurement system indicates that the

evagloration tube, where featured in the system, has reached its correct operating temperature.

Priof to the start of each test it shall be confirmed that the measurementsystem indicates that the

diluger PND 1 has reached its correct operating temperature.

9.8 | Calibration of the CVS full flow dilution system

9.8.1 General

a) [This subclause describes how to calibrate flow_ meters for diluted exhaust constant-volume
sampling (CVS) systems.

b) [This calibration shall be performed while thesflow meter is installed in its permanent pgsition. This
ralibration shall be performed after any part of the flow configuration upstream or downstream
pf the flow meter has been changed that may affect the flow-meter calibration. This| calibration
chall be performed upon initial CVS ifistallation and whenever corrective action does not resolve a
Failure to meet the diluted exhaustflow verification (i.e., propane check) in 9.8.5.

c) A CVS flow meter shall be calibrated using a reference flow meter such as a subsgnic venturi
Flow meter, a long-radiusflow nozzle, a smooth approach orifice, a laminar flow elemgnt, a set of
critical flow venturis, oraprultrasonic flow meter. A reference flow meter shall be used that reports
quantities that are internationally-traceable within #1 % uncertainty. This reference flow meter's
Fesponse to flow shall'be used as the reference value for CVS flow-meter calibration.

d) MAn upstream.Screen or other restriction that could affect the flow ahead of the refgrence flow
meter may.nofbe used, unless the flow meter has been calibrated with such a restrictign.

e) [The calibration sequence described under this 9.8 refers to the molar based approach. For the
Corpesponding sequence used in the mass based approach, see 9.8.2.

f) v the choice of the manufacturer CEV or SSV may alternativelv he remaved from its permanent

position for calibration as long as the following requirements are met when installed in

1) Upon installation of the CFV or SSV into the CVS, good engineering judgment shall b

the CVS:

e applied to

verify that you have not introduced any leaks between the CVS inlet and the venturi.

2)

After ex-situ venturi calibration, all venturi flow combinations shall be verified for CFVs or at

minimum of 10 flow points for an SSV using the propane check as described in 9.8.5. The result

of the propane check for each venturi flow point may not exceed the tolerance in 9.8.5.6.
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3) In order to verify the ex-situ calibration for a CVS with more than a single CFV, the following
check to verify that there are no flow meter entrance effects that can prevent you from passing
this verification, shall be performed as follows:

A constant flow device like a CFO kit shall be used to deliver a constant flow of propane to

the dilution tunnel.

The hydrocarbon concentrations shall be measured at a minimum of 10 separate

flow

rates for an SSV flow meter, or at all possible flow combinations for a CFV flow meter, while

keeping the flow of propane constant.

comonmnbnat f hudennarvhoy hoolrgen tha o anc

3 chall bha oo
oI STrartr  oC—IIIcasS

nred

of the nmhean absolute.inlet temperature, T;

hao ntrotioy A 1 d 1 Ailidinn
Irc cUlIIc LTIt duivil vl ll_y UTructalrovvill uu\.x\sl \VACS AT NED S CIIe UITULTIvIl
at the beginning and end of this test. The average background concentration frem
measurement at each flow point shall be subtracted before performing the regres
analysis in iv).

A power regression has to be performed using all the paired values/of-flow rate
corrected concentration to obtain a relationship in the form of y's ‘a*xP, using
concentration as the independent variable and the flow rate as the dependent variable

value represented by the curve fit is required. The difference.at each point shall be
than +1 % of the appropriate regression value. The value of b shall be between -1,005
-0,995. If the results do not meet these limits, correctivesactions consistent with 9.4
shall be taken.

bration of the Positive Displacement Pump (PDP)

pneral

displacement pump (PDP) shall be calibrated to determine a flow-versus- PDP s
at accounts for flow leakage across sealing surfaces in the PDP as a function of PDP
hique equation coefficients shall be determined for each speed at which the PDP is oper
meter shall be calibrated as follows:

tem shall be connected as shown in Figure 15.

etween the calibration(flew meter and the PDP shall be less than 0,3 % of the total fla
est calibrated flow point; for example, at the highest restriction and lowest PDP-speed p|

he PDP operates;a‘constant temperature at the PDP inlet shall be maintained within 4
in
P speed issét to the first speed point at which it is intended to calibrate.

iableirestrictor is set to its wide-open position.

The PDIP7is operated for at least 3 min to stabilize the system. Then by continuously opers

each
sion

and
the
. For

each data point, the calculation of the difference between the measured flow rate and the

less
and
B3.5.1

beed
inlet
hted.

w at
oint.

2%

iting

the PDP, the mean values of at least 30 s of sampled data of each of the following quantities are

1) the mean flow rate of the reference flow meter gy, ; this may include several measurements of

different quantities, such as reference meter pressures and temperatures, for calculating qy,..¢ ;

mean temperature at the PDP inlet, T} ;
mean static absolute pressure at the PDP inlet, p;,;

mean static absolute pressure at the PDP outlet, p,;

i)
ii)
iif)
iv)
9.8.2 C(al
98.2.1 G
A positive-
equation th
pressure. U
A PDP flow
a) The syg
b) LeaksH
the low
c) Whilet
d) ThePD
e) Thevai
f)
recorded:
2) the
3) the
4) the
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5) the mean PDP speed, nppp;

g) The restrictor valve shall be incrementally closed to decrease the absolute pressure at the inlet to
the PDP, p;..

All the parameters related to the pump shall be simultaneously measured, along with the
parameters related to a calibration venturi which is connected in series with the pump. The
calculated flow rate (in m3/min at pump inlet, absolute pressure and temperature) shall be plotted
against a correlation function which is the value of a specific combination of pump parameters. The
linear equation which relates the pump flow and the correlation function shall be determined. If a
CVS has a multiple-speed drive, the calibration shall be performed for each range used.

5

oche

1

\3/
: c
Gt
— =< —~
1 2 A

6

N _»(—yp—>
|l

-

7 8
Key
1 reference flow meter 5 downstream pressure control
2 variable restrictor 6  blower
3 PDP 7 SSV
4 CFV 8 variable speed blower

Figure 15 — Schematic diagrams for diluted exhaust flow CVS calibration
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9.8.2.2 Data analysis

The air flow rate (qycsy) at each restriction setting (minimum six settings) shall be calculated in
standard m3/min from the flowmeter data using the manufacturer’s prescribed method. The air flow
rate shall then be converted to pump flow (V) in m3/rev at absolute pump inlet temperature and
pressure as follows:

_qVCSVX T 101,325

= X 16
O n 27315 p, (1e)

where

qycsy  |s the air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/s];

T s the temperature at pump inlet [K];
Pa s the absolute pressure at pump inlet [kPa];
n s the pump speed [rev/s].

To account for the interaction of pressure variations at the pump and the pump slip rate, the correlgtion
function (X}) between pump speed, pressure differential from pump inlet te pump outlet, and abs¢lute
pump outlef pressure shall be calculated as follows:

Xo =1>< Aﬁ 17)
n |\ p,
where
Ap,,  ip the pressure differential from pump infet to pump outlet [kPa];
Pa ik the absolute outlet pressure at pump outlet [kPa].
Alinear leagt-squares fit shall be performed to generate the calibration Formula as follows:
Vo=Do | m x (Xo) (18)

with D, [m3/rev] and m [m3/s] ititercept and slope respectively, describing the regression line.

For a CVS slystem with maltiple speeds, the calibration curves generated for the different pump [flow
ranges shalll be approxintately parallel, and the intercept values (D) shall increase as the pump [flow
range decrgases.

The calculafed yahies from the Formula shall be within £0,5 % of the measured value of V. Values|of m
will vary frpm_one pump to another. Particulate influx over time will cause the pump slip to decr¢ase,
as reflecte hv lower values for m Thnrnfr\rn calibration shall he hnrfnrmnr] at pump cf:\rf-np fter

major malntenance and if the total system verlflcatlon indicates a change of the slip rate.

9.8.3 Calibration of the Critical Flow Venturi (CFV)

9.8.3.1 General

A critical-flow venturi (CFV) shall be calibrated to verify its discharge coefficient, C4, at the lowest
expected static differential pressure between the CFV inlet and outlet. A CFV flow meter shall be
calibrated as follows:

a) The system shall be connected as shown in Figure 15.

b) The blower shall be started downstream of the CFV.
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f)

g)

ISO 8178-

While the CFV operates, a constant temperature at the CFV inlet shall be maintained wi

the mean absolute inlet temperature, T

1:2020(E)

thin +2 % of

Leaks between the calibration flow meter and the CFV shall be less than 0,3 % of the total flow at

the highest restriction.

The variable restrictor shall be set to its wide-open position. In lieu of a variable restrictor the
pressure downstream of the CFV may be varied by varying blower speed or by introducing a

controlled leak. Note that some blowers have limitations on non-loaded conditions.

The CFV shall be operated for at least 3 min to stabilize the system. The CFV shall continue

nnn fing and +h o lpyec of ot laact 20 mnlnr] Aoata of ool AfF+ha £A11
A AV

PAEZNE S22
PptTratirg ot T Heah—vardesoratea

hall be recorded:

Paray
SATrprottata O CacTT Ot ToTTOWHT

1) the mean flow rate of the reference flow meter, qy;.¢ ; this may include severdl|pieas

permissible assumptions during emission measurements;
B) the mean temperature at the venturi inlet, T;

) ln)

1) the mean static absolute pressure at the venturi inlet, pg;

the CFV, p;,,.

Calibration of the CFV is based upon the flow egiuiation for a critical-flow venturi. Gas fl
fundtion of inlet pressure and temperature:

whe

9.8.]

The

stan

ky xp,

s = N

e

is the calibration coefficient;
. s the absolute‘pressure at the venturi inlet [kPa];

" isthe temperature at the venturi inlet [K].

3.2 Dataanalysis

air‘flow rate (gqycgy) at each restriction setting (minimum eight settings) shall be c

g quantities

irements of

different quantities, such as reference meter pressures and temperatures, for calculpting e ;

D) optionally, the mean dew point of the calibration air, Ty,,; see ISQ,8178-4:2020, Annex H for

b) the mean static differential pressure between the CFY inlet and the CFV outlet, Apgry;

[he restrictor valve shall be incrementally closed to‘decrease the absolute pressure aff the inlet to

bw (Q) is a

(19)

hlculated in

datd m3/min from the flowmeter data using the manufacturer’s prescribed method. The calibration

coefficient shall be calculated from the calibration data for each setting as follows:

whe

K _Aycsy VT T
V= .
re

qycsy  is the air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/s];

T is the temperature at the venturi inlet [K];

Pa is the absolute pressure at the venturi inlet [kPa].
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To determine the range of critical flow, k, shall be plotted as a function of venturi inlet pressure.
For critical (choked) flow, k, will have a relatively constant value. As pressure decreases (vacuum
increases), the venturi becomes unchoked and k, decreases, which indicates that the CFV is operating
outside the permissible range.

For a minimum of eight points in the region of critical flow, the average k, and the standard deviation
shall be calculated. The standard deviation shall not exceed +0,3 % of the average k.

9.8.4 Calibration of the subsonic venturi (SSV)

9.8.4.1 General

A subsonic yenturi (SSV) shall be calibrated to determine its calibration coefficient, Cg4, for the-expected
range of inlgt pressures. An SSV flow meter shall be calibrated as follows:

a) The syqgtem shall be connected as shown in Figure 15.
b) The blower shall be started downstream of the SSV.

c) Leaks hetween the calibration flow meter and the SSV shall be less than@;8 % of the total flgw at
the highest restriction.

d) While the SSV operates, a constant temperature at the SSV inlet shall be maintained within *2 [% of
the megn absolute inlet temperature, T;,.

e) The variable restrictor or variable-speed blower shall be setto'a flow rate greater than the greatest
flow rate expected during testing. Flow rates may not be.éxtrapolated beyond calibrated valugs, so
it should be made certain that a Reynolds number, Re, at the SSV throat at the greatest calibrfated
flow rate is greater than the maximum Re expected.diiring testing.

f) The SSY shall be operated for atleast 3 min to stabilize the system. The SSV shall continue operating
and thg mean of at least 30 s of sampled data of-each of the following quantities shall be recorded:

1) thgmean flow rate of the reference flow meter, gy, ; this may include several measuremerts of
different quantities, such as reference meter pressures and temperatures, for calculating ¢, ;

2) optionally, the mean dew point of the calibration air, Tj,,,; see ISO 8178-4:2020, Annex H for
permissible assumptions;

3) thgmean temperatureat the venturiinlet, T, ;
4) thegmean staticabsolute pressure at the venturi inlet, p;;

5) stafic differential pressure between the static pressure at the venturi inlet and the sfatic
prgssure.at the venturi throat, Apggy;

g) The reqttictor valve shall be incrementally closed or the blower speed decreased to decreasg¢ the
flow rate:

Calibration of the SSV is based upon the flow equation for a subsonic venturi. Gas flow is a function of
inlet pressure and temperature, pressure drop between the SSV inlet and throat, as shown below:

A 1 14286 _,17143 1
Qyssv —5dv CaPp ?(’”x K ) 1_p4,1,4286 (21)
y X

where
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The

standard m3/min from the flowmeter data using the manufacturer’s prescribed method. Th
coefficient (C4) shall be calculated from the calibration data fepeach setting as follows:

where
o is a collection of constants and*init conversions
1
37 K2
~0,0056940 in ST upiesiof | 2 || £ [ : };
min || kPa |L mm2

ISO 8178-

A, isacollection of constants and unit conversions

1
3 2
~0,0056940 in SI units of | P || X [ ! }
min || kPa || mm?2
d, isthe diameter of the SSV throat [m];
Cq isthe discharge coefficient of the SSV;
np is the absolute pressure at venturiinlet [l(pa];

1:2020(E)

r is the temperature at the venturi inlet [K];
. is the ratio of the SSV throat to inlet absolute, static pressure, r, = 1 - (Ap/p,);

- is the ratio of d to the inlet pipe inner diameter (d;,), ry, = d/d;,.

4.2 Data analysis

air flow rate (q,sgy) at each restriction setting (minimum &6 settings) shall be c4

n Ayssv

d
4 4 2p l(r1,4286_r1,7143) 1
60 vV 'P T\X X 1—r4r1'4286
y X

lvssy s the air flow-rdte at standard conditions (101,3 kPa, 273 K) [m3/min];
r is the temperature at the venturi inlet [K];
. is the'diameter of the SSV throat [m];

¢ 1s the ratio of the SSV throat to inlet absolute, static pressure, r, =1 - (4p/p,);

ilculated in
e discharge

(22)

s is the ratio of d to the inlet pipe inner diameter (d..), L= d/d..

To determine the range of subsonic flow, C4 shall be plotted as a function of Reynolds number (Re), at
the SSV throat. The Re at the SSV throat is calculated with the following formula:

Re=A, x60x-SSV.
v

where
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Aq is a collection of constants and unit conversions
= 27,43831 in Sl units of [E}[ﬂ}[ﬂ} ;
md3 ]l s m
qyssy is the air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/min];
d, is the diameter of the SSV throat [m];
u is the absolute or dynamic viscosity of the gas, calculated with the following formula:
pT3/2__pT1/2
T [kg/m—s]
1+—
T
where
b idan empirical constant = 1,458x10° ke ;
msK1/2
S idan empirical constant = 110,04 K.
Because qy{sy is an input to the Re formula, the calculations shall be started with an initial gues
Qyssy or C4 ¢f the calibration venturi, and repeated until gycsy converges,The convergence method

be accurate

For a minijnum of sixteen points in the region of subsonic flew, the calculated values of Cj f

the resulti
calibration

9.8.5 CVS§

9.8.5.1 G

a) A prop
values
determ
as desd

perform
one or nore problems thatmay require corrective action, as follows:

to 0,1 % of a point or better.

ng calibration curve fit equation shall be withi@ +0,5 % of the measured C,4 for
point.

and batch sampler verification (Propane check)

pneral

hine check serves as a CVS verification to determine if there is a discrepancy in meas
of diluted exhaust flow. A.propane check also serves as a batch-sampler verificatid
ine if there is a discreparicy in a batch sampling system that extracts a sample from a
ribed in 9.8.5.7. Using 'good engineering judgment and safe practices, this check ma
hed using a gas otherithan propane, such as CO, or CO. A failed propane check might ind

prrect analyser.calibration. The FID analyser shall be re-calibrated, repaired, or replacg

k checksshall be performed on CVS tunnel, connections, fasteners, and HC sampling sy
ordingto 9.3.

 Zerification for poor mixing shall be performed in accordance with 5.2.5.3.

(24)

s for
shall

rom
pach

hred
n to
CVS,
y be
cate

ed.

ttem

described in ISO 8178-4:2020, 8.3.1.

described in 9.8.

1) Inc

2) Leg
acg

3) Th

4)

5)

6)

CVS verification hardware, and software shall be inspected for discrepancies.

b)

The hydrocarbon contamination verification in the sample system shall be performed as

Change in CVS calibration. An in-situ calibration of the CVS flow meter shall be performed as

Other problems with the CVS or sampling verification hardware or software. The CVS system,

A propane check uses either a reference mass or a reference flow rate of C;Hg as a tracer gas in a

CVS. If areference flow rate is used, any non-ideal gas behaviour of C3Hg in the reference flow meter
shall be accounted for. See ISO 8178-4:2020, Annex H (molar based approach) or ISO 8178-4:2020,
Clause 9 (mass based approach), which describe how to calibrate and use certain flow meters. No
ideal gas assumption may be used in 9.8.5 and ISO 8178-4:2020, Annex H or Clause 9. The propane

112
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check compares the calculated mass of injected C3;Hg using HC measurements and CVS flow rate
measurements with the reference value.

9.8.5.2 Method of introducing a known amount of propane into the CVS system

The total accuracy of the CVS sampling system and analytical system shall be determined by introducing
a known mass of a pollutant gas into the system while it is being operated in the normal manner. The
pollutant is analysed, and the mass calculated according to ISO 8178-4:2020, Annex H or Clause 9.

Either of the following two techniques shall be used.

a)

b)

9.8.]

The

d)

f)

g)

Metering by means of a gravimetric technique shall be done as follows: A mass of a small cylinder

filled with carbon monoxide or propane shall be determined with a precision of 0,04
b min to 10 min, the CVS system shall be operated as in a normal exhaust emjssion
rarbon monoxide or propane is injected into the system. The quantity of pure gas disc}
be determined by means of differential weighing. A gas sample shall be analysed wit
equipment (sampling bag or integrating method), and the mass of the gas galculated.

Metering with a critical flow orifice shall be done as follows: A known §liantity of pure
monoxide or propane) shall be fed into the CVS system through a calibrated critical o
nlet pressure is high enough, the flow rate, which is adjusted byuieans of the critical
s independent of the orifice outlet pressure (critical flow). The-CVS system shall be op
h normal exhaust emission test for about 5 min to 10 min. A{gas sample shall be analyg
lisual equipment (sampling bag or integrating method), arid the mass of the gas calculat

b.3 Preparation of the propane check
propane check shall be prepared as follows:

f a reference mass of C;Hg is used instead @f a reference flow rate, a cylinder charge
shall be obtained. The reference cylinder's*mass of C3Hg shall be determined within +
hmount of C3Hg that is expected to be used.

Appropriate flow rates shall be selected for the CVS and C;Hg.

A C;Hg injection port shall bewselected in the CVS. The port location shall be selected tg
hs practical to the locatipnywhere engine exhaust is introduced into the CVS. The Cj
chall be connected to the iffjection system.

The CVS shall be operated and stabilized.
Any heat exchangers in the sampling system shall be pre-heated or pre-cooled.

Heated and\cooled components such as sample lines, filters, chillers, and pumps shall b
stabilize.at operating temperature.

f dpplicable, a vacuum side leak verification of the HC sampling system shall be pe
described in 9.3.

b. For about
test, while
1arged shall
h the usual

gas (carbon
rifice. If the
Flow orifice,
erated as in
ed with the
ed.

i with C;Hg
),5 % of the

be as close
Hg cylinder

b allowed to

rformed as

9.8.5.4 Preparation of the HC sampling system for the propane check

Vacuum side leak check verification of the HC sampling system may be performed according to g) of this
subclause. If this procedure is used, the HC contamination procedure in ISO 8178-4:2020, 8.3.1 may be
used. If the vacuum side leak check is not performed according to g), then the HC sampling system shall
be zeroed, spanned, and verified for contamination, as follows:

a) The lowest HC analyser range that can measure the C3Hg concentration expected for the CVS and
C3Hg flow rates shall be selected.

b) The HC analyser shall be zeroed using zero gas introduced at the analyser port.

c¢) The HC analyser shall be spanned using C3Hg span gas introduced at the analyser port.
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d) Zero gas shall be overflowed at the HC probe or into a fitting between the HC probe and the
transfer tube.

e) The stable HC concentration of the HC sampling system shall be measured as overflow zero gas
flows. For batch HC measurement, the batch container (such as a bag) shall be filled and the HC
overflow concentration measured.

f) If the overflow HC concentration exceeds 2 pmol/mol, the procedure may not be advanced until
contamination is eliminated. The source of the contamination shall be determined and corrective
action taken, such as cleaning the system or replacing contaminated portions.

g) When tl-\n O wHC concantration donc oo H / thic valia o |
HIC UVOCITIUVYV 11U CUIICUITILTI AUIVIT UUCLO TIULU CALLUUCU o IV 11TV, LIITO VAIuc oridaIlr
XHcinit dnd it shall be used to correct for HC contamination as described in ISO 8178

H (molqr based approach) or ISO 8178-4:2020, Clause 9 (mass based approach).

9.8.5.5 Propane check performance

a) The prgpane check shall be performed as follows:

1y
2)

3)

4)
5)
6)

7)

8)

9)

axflo £ avwcaad D inal [ ol

Lol
I

ra
TC

2020)Ahnex

La
v )
-4.

Forl batch HC sampling, clean storage media, such as evacuated bags shalt’be connected.

HC|measurement instruments shall be operated according to the instrument manufactufer's
insfructions.

If gorrection for dilution air background concentrations.of HC is foreseen, background HC in
the dilution air shall be measured and recorded.

Any integrating devices shall be zeroed.
Sampling shall begin and any flow integrators shall be started.

C3Hg shall be released at the rate selected.]fa reference flow rate of C;Hg is used, the integration
of this flow rate shall be started.

C3H8 shall be continued to be reledsed until at least enough C;Hg has been released to enjsure
acqurate quantification of the reference C;Hg and the measured C;Hg.

Th¢ C;Hg cylinder shall be shut off and sampling shall continue until it has been accountefl for
time delays due to sample transport and analyser response.

Sampling shall be stopped and any integrators shall be stopped.

b) In caselthe metering-with a critical flow orifice is used, the following procedure may be used fof the

propang check as the alternative method of 9.8.5.5 a).

1y
2)

3)

4)
5)
6)

7)

114

Forl batch"HC sampling, clean storage media, such as evacuated bags shall be connected.

HC|measSurement instruments shall be operated according to the instrument manufactufer's
instructiorns:

If correction for dilution air background concentrations of HC is foreseen, background HC in
the dilution air shall be measured and recorded.

Any integrating devices shall be zeroed.
The contents of the C3Hg reference cylinder shall be released at the rate selected.

Sampling shall begin, and any flow integrators started after confirming that HC concentration
is to be stable.

The cylinder's contents shall be continued to be released until at least enough C3Hg has been
released to ensure accurate quantification of the reference C3Hg and the measured C3Hg.
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8) Any integrators shall be stopped.
9) The C;Hg reference cylinder shall be shut off.

9.8.5.6 Evaluation of the propane check

Post-test procedure shall be performed as follows:

a)
b)

‘)

d)

9.8.]

If batch sampling has been used, batch samples shall be analysed as soon as practical.

After analysing HC, contamination and background shall be corrected for.

lotal C3Hg mass based on the CVS and HC data shall be calculated as described in IS@8§{178-4:2020,
Annex H or Clause 9, using the molar mass of C;Hg, M3y, instead the effective molarmas$ of HC, My.

fareference mass (gravimetric technique) is used, the cylinder's propane massshall be determined
within £0,5 % and the C3Hg reference mass shall be determined by subtracting the empty cylinder
propane mass from the full cylinder propane mass. If a critical flow orifide (metering with a critical
flow orifice) is used, the propane mass shall be determined as flow rate'multiplied by the test time.

[he reference C;Hg mass shall be subtracted from the calculatedumass. If this differenfe is within
3,0 % of the reference mass, the CVS passes this verification.

b.7 PM secondary dilution system verification

When the propane check is to be repeated to verify the.PM secondary dilution system, the following

prodedure from a) to d) shall be used for this verification:

b)

d)

9.8.

If a

5.8 Sample dryer verification

The HC sampling system shall be configured.to extract a sample near the location ¢f the batch
sampler's storage media (such as a PM filtef)s If the absolute pressure at this location is too low to
pxtract an HC sample, HC may be sampled from the batch sampler pump's exhaust. Caution shall be
lised when sampling from pump exhaust’because an otherwise acceptable pump leak downstream
bf a batch sampler flow meter will.catiSe a false failure of the propane check.

Che propane check shall be repeated as described in this subclause, but HC shall be sampled from
the batch sampler.

C;Hg mass shall be calc@lated, taking into account any secondary dilution from the bat¢h sample.

[he reference CzHgnrass shall be subtracted from the calculated mass. If this differenfe is within
5 % of the reference mass, the batch sampler passes this verification. If not, correctivejaction shall
be taken.

humidity sensor for continuous monitoring of dew point at the sample dryer outlet |s used this

chedk“does not apply, as long as it is ensured that the dryer outlet humidity is below the minimum
values used for quench, interference, and compensation checks.

a)

b)

If a sample dryer is used as allowed in 5.2.2.3.1 to remove water from the sample gas, the
performance shall be verified upon installation, after major maintenance, for thermal chiller.
For osmotic membrane dryers, the performance shall be verified upon installation, after major
maintenance, and within 35 days of testing.

Water can inhibit an analyser's ability to properly measure the exhaust component of interest and
thus is sometimes removed before the sample gas reaches the analyser. For example water can
negatively interfere with a CLD's NOx response through collisional quenching and can positively
interfere with an NDIR analyser by causing a response similar to CO.

The sample dryer shall meet the specifications as determined in 5.2.2.3.1 for dew point, Ty,,,, and
absolute pressure, p,.,;, downstream of the osmotic-membrane dryer or thermal chiller.
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d) The following sample dryer verification procedure method shall be used to determine sample dryer
performance, or good engineering judgment shall be used to develop a different protocol:

PTFE or stainless steel tubing shall be used to make necessary connections.

N, or purified air shall be humidified by bubbling it through distilled water in a sealed vessel

that humidifies the gas to the highest sample dew point that is estimated during emission
sampling.

The humidified gas shall be introduced upstream of the sample dryer.

humidified gas temperature downstream of the vessel shall be maintained at least

5°C

1)

2)

3)
4) Th
abd
5) Th
to 1
dui
6) Th
to t
7) Th
dey
20
plul
abg
9.8.6 Per
measurem

9.8.6.1 Specifications for differential flow measurement

For partial
sample floy
measureme

where

CImp ]

Amdw ]

Amdew ]

ve its dew point.

e humidified gas dew point, Ty, and pressure, p, .., shall be measured as close?as-pos
he inlet of the sample dryer to verify that the dew point is the highest that was estim
ing emission sampling.

e humidified gas dew point, Ty,,,, and pressure, p, .., shall be measuredas close as pos
he outlet of the sample dryer.

v point corresponding to the sample dryer specifications as determined in 5.2.2.3.1
[ or if the mol fraction from d) 6) is less than the corresponding sample dryer specificaf
s 0,002 mol/mol or 0,2 Vol %. Note for this verification;sample dew point is expressg
olute temperature, Kelvin.

iodic calibration of the partial flow PM and associated raw exhaust gas
ent systems

flow dilution systems to extract.a(proportional raw exhaust sample, the accuracy o
U Qpmp is of special concern, if notymeasured directly, but determined by differential
nt:

hdew ~ Amdw

s sample magss_flow rate of exhaust gas into partial flow dilution system;
s dilutieh air mass flow rate (on wet basis);

s diluted exhaust gas mass flow rate on wet basis.

sible
ated

sible

e sample dryer meets the verification if the result of d) 6) of this subclause is less than the

plus
ions
bd in

F the
flow

(25)

In this case,

the maximum error or the dirference shall be such that the accuracy or qm IS within =

5 %

when the dilution ratio is less than 15. It can be calculated by taking root-mean-square of the errors of
each instrument.

Acceptable accuracies of q,,, can be obtained by either of the following methods:

a)

at a dilution ratio of 15. However, greater errors will occur at higher dilution ratios.

b)

obtained. For details see 9.8.6.2.

<)

by a tracer gas, e.g. CO2 Accuracies equivalent to method a) for g,,,, are required.

116

The absolute accuracies of gy, g4e, and gp,q,, are 0,2 % which guarantees an accuracy of q,,, of <5 %
Calibration of g,q,, relative to g4, is carried out such that the same accuracies for g,,,, as in a) are

The accuracy of q,,, is determined indirectly from the accuracy of the dilution ratio as determined
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d) The absolute accuracy of q,,4ew and q,,q,, is within £2 % of full scale, the maximum error of the
difference between q,,,4.,, and q,,4,, is within 0,2 % and the linearity error is within +0,2 % of the
highest q,,,40,» Observed during the test.

9.8.6.2 Calibration of differential flow measurement

The partial flow dilution system to extract a proportional raw exhaust sample shall be periodically
calibrated with an accurate flow meter traceable to international and/or national standards. The flow
meter or the flow measurement instrumentation shall be calibrated in one of the following procedures,

such that the probe flow g,,, into the tunnel shall fulfil the accuracy requirements of 9.8.6.1.

a)

b)

d)

The

he flow meter for q,,q4,, shall be connected in series to the flow meter for q,,qe\» €
between the two flow meters shall be calibrated for at least 5 set points with flow |va
spaced between the lowest q,,,4,, value used during the test and the value of g, {),-ised
Lest. The dilution tunnel may be bypassed.

A calibrated flow device shall be connected in series to the flowmeter for'q,, .,, and t
shall be checked for the value used for the test. The calibrated flow-device shall be
n series to the flow meter for q,,4,, and the accuracy shall be checked for at leas

corresponding to dilution ratio between 3 and 15, relative to g, 45, Wsed during the test.

b difference
ues equally
| during the

he accuracy
connected
L 5 settings

The transfer tube TT (see Figure 8) shall be disconnected from’the exhaust and a cali
measuring device with a suitable range to measure q,,
I mdew Shall be set to the value used during the test, an
b values corresponding to dilution ratios between 3 and'15. Alternatively, a special cali
path may be provided, in which the tunnel is bypassed, but the total and dilution air flqg
through the corresponding meters as in the actudhtest.

A tracer gas, shall be fed into the exhaust transfer tube TL. This tracer gas may be a
pf the exhaust gas, like CO, or NO,. After-dilution in the tunnel the tracer gas compon
measured. This shall be carried out fef.5 dilution ratios between 3 and 15. The accy
sample flow shall be determined froni-the dilution ratio rg:

;= Qndew
mp
I

accuracies of the gas analysers shall be taken into account to guarantee the accuracy of

9.8

Ac
conf
shoy
test

The

1.3 Special requirements for differential flow measurement

bon flow clieck using actual exhaust is strongly recommended for detecting measu
rol problems-and verifying the proper operation of the partial flow system. The carbor
ld be runvat least each time a new engine is installed, or something significant is cha
cell configuration.

engine shall be operated at peak torque load and speed or any other steady state

rated flow

shall be connected to the transfer tube.
gqmdw shall be sequentially seft to at least

ration flow
w is passed

component
ent shall be
iracy of the

(26)

qmp'

rement and
flow check
nged in the

mode that

produces 5 % or more of CO,. The partial flow sampling system shall be operated with a dilution factor
of about 15 to 1.

If a carbon flow check is conducted, the procedure given in Annex C shall be applied. The carbon flow rates
shall be calculated according to equations of Annex C. All carbon flow rates shall agree to within 5 %.

9.8.6.3.1 Pre-test check

A pre-test check shall be performed within 2 hours before the test run in the following way.

The accuracy of the flow meters shall be checked by the same method as used for calibration (see
9.8.6.2) for at least two points, including flow values of q,,4,, that correspond to dilution ratios between
5 and 15 for the q,, 40, value used during the test.
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If it can be demonstrated by records of the calibration procedure under 9.8.6.2 that the flow meter
calibration is stable over a longer period of time, the pre-test check may be omitted.

9.8.6.3.2 Determination of the transformation time

The system settings for the transformation time evaluation shall be the same as during measurement of
the test run. The transformation time, defined in Figure 1, shall be determined by the following method:

An independent reference flowmeter with a measurement range appropriate for the probe flow shall be
put in series with and closely coupled to the probe. This flowmeter shall have a transformation time of
less than 100 ms for the flow step size used in the response time measurement, with flow restriction
sufficiently[low as to not affect the dynamic performance of the partial flow dilution system accerding
to good engineering judgment. A step change shall be introduced to the exhaust flow (or air| flow if
exhaust flo is calculated) input of the partial flow dilution system, from a low flow to atleast 90 %
of full scalef The trigger for the step change shall be the same one used to start the look-ahead coptrol
in actual testing. The exhaust flow step stimulus and the flowmeter response shallbérecorded|at a
sample ratq of at least 10 Hz.

From this dpta, the transformation time shall be determined for the partial flow{ dilution system, which
is the time [from the initiation of the step stimulus to the 50 % point of the\flowmeter response.|In a
similar manner, the transformation times of the g, signal (i.e. sample flow of exhaust gas into partial
flow dilution system) and of the g, ; signal (i.e. the exhaust gas mass{low rate on wet basis su%ied
by the exhaust flow meter) shall be determined. These signals are _used in the regression chiecks
performed after each test (see ISO 8178-4:2020, 8.2.1.2).

ged.
this
ead"
ance

The calcula
The interns
value. In thd
method, thi
with ISO 81

kion shall be repeated for at least 5 rise and fall stimuli, and the results shall be aver3
| transformation time (<100 ms) of the referengé-flowmeter shall be subtracted from
case that the system in accordance with ISO 8178-4:2020, 8.2.1.2. requires the "look-ah|
s is the "look-ahead" value of the partial fléw dilution system to be applied in accord
78-4:2020, 8.2.1.2.

9.9 CaliHration of the dynamometer

manufacturer shall apply internal quality procedures traceable to recognised natjonal
onal standards, e.g. by laboeratories certified according to ISO/IEC 17025. Otherwisg the
‘ocedures apply.

The engine
or internat
following p

9.9.1 Torjque calibration

9.9.1.1 S¢ope and frequency

and

All torque-

measureément systems including dynamometer torque measurement transducers

systems shj
reference f

11 be calibrated upon initial installation and after major maintenance using, among ot
rcé.or lever-arm length coupled with dead weight. Good engineering judgment sha

hers,
1] be

used to repgatthe calibration. The torque transducer manufacturer's instructions shall be followed for

linearizing the torque sensor's output. Other calibration methods are permitted.

9.9.1.2 Dead-weight calibration

This technique applies a known force by hanging known weights at a known distance along a lever
arm. It shall be made sure that the weights' lever arm is perpendicular to gravity (i.e., horizontal) and
perpendicular to the dynamometer's rotational axis. At least six calibration-weight combinations shall
be applied for each applicable torque-measuring range, spacing the weight quantities about equally
over the range. The dynamometer shall be oscillated or rotated during calibration to reduce frictional
static hysteresis. Each weight's force shall be determined by multiplying its internationally-traceable
mass by the local acceleration of Earth's gravity in accordance with Annex A.
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9.9.1.3 Strain gage or proving ring calibration

This technique applies force either by hanging weights on a lever arm (these weights and their lever arm
length are not used as part of the reference torque determination) or by operating the dynamometer at
different torques. At least six force combinations shall be applied for each applicable torque-measuring
range, spacing the force quantities about equally over the range. The dynamometer shall be oscillated
or rotated during calibration to reduce frictional static hysteresis. In this case, the reference torque is
determined by multiplying the force output from the reference meter (such as a strain gage or proving
ring) by its effective lever-arm length, which is measured from the point where the force measurement
is made to the dynamometer's rotational axis. It shall be made sure that this length is measured
perpendicular to the reference meter's measurement axis and perpendicular to the dynamometer's
rotafional axis.

9.1( Calibration of temperature, pressure and dew point sensors

The [engine manufacturer shall apply internal quality procedures traceable\to recognised national
or ipternational standards, e.g. by laboratories certified according to ISO/IEC 17025. Otherwise the
following procedures apply.

Instfuments shall be calibrated for measuring pressure, temperature, and dew point yipon initial
installation. The instrument manufacturer's instructions shall be*followed and good ¢ngineering
judgment shall be used to repeat the calibration.

For femperature measurement systems with thermocouple, RTD, or thermistor sensors, the calibration
e system shall be performed as described in 9.1.4.4 for\linearity verification.

9.11 Flow-related measurements

9.11.1 Fuel flow calibration

Fuel| flow meters shall be calibrated\upon initial installation. The instrument manufacturer's
instructions shall be followed and good-engineering judgment shall be used to repeat the cdlibration.

9.11].2 Intake air flow calibration

Intake air flow meters shall be calibrated upon initial installation. The instrument manufacturer's
instructions shall be follawed and good engineering judgment shall be used to repeat the cglibration. A
calibration subsonic venturi, ultrasonic flow meter or laminar flow element should be usedCalibration
refefence quantities'should be used, that are internationally-traceable within 0,5 % uncertginty.

If a subsonic venturi or ultrasonic flow meter is used for intake flow measurement, its| calibration
shoyld be performed as described in 9.8.

9.11.3.“Exhaust flow calibration

Exhaust flow meters shall be calibrated upon initial installation. The instrument manufacturer's
instructions shall be followed and good engineering judgment shall be used to repeat the calibration. A
calibration subsonic venturi or ultrasonic flow meter should be used; exhaust temperatures should be
simulated by incorporating a heat exchanger between the calibration meter and the exhaust-flow meter.
If it can be demonstrated that the flow meter to be calibrated is insensitive to exhaust temperatures,
other reference meters such as laminar flow elements may be used, which are not commonly designed
to withstand typical raw exhaust temperatures. Calibration reference quantities should be used, that
are internationally-traceable within 0,5 % uncertainty.

If a subsonic venturi or ultrasonic flow meter is used for raw exhaust flow measurement, it should be
calibrated as described in 9.8.

© IS0 2020 - All rights reserved 119


https://standardsiso.com/api/?name=472d6cf74461344b42b45378d727a16c

ISO 8178-1:2020(E)

Annex A
(normative)

1980 international gravity formula

The acceleration of Earth's gravity, a,, varies depending on the location and q, is calculated for a

respective |

atitude, as follows:

8

a, =9,7

where 60 is t

145,279 041 4x1073 sin? 0+2,327 18x107° sin* 0+
803267715

1,262x1077 sin® +7x10"10sin8 @

he degrees north or south latitude.

A1)
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